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Pn pAC Er. 


The aim in writing this book has been to give data, details and tables for the design and 
construction of steel bridges and buildings. The book is written for the structural engineer and 
for the student or engineer who has had a thorough course in applied mechanics and the calcu- 
lation of stresses in structures. To this end data and tables that will be of service to the designing 
and constructing engineer have been given, rather than predigested data and designs that might 
be used by the untrained. The book is intended as a working manual for the engineer, draftsman 
and student and covers data, details and tables for the design of the structures ordinarily met 
with. Swing and movable bridges, cantilever and suspension bridges require special treatment 
and have not been considered. As the book is intended to supplement the present books on 
stresses the calculation of stresses in bridges and buildings has been only briefly considered. 
The calculation of stresses in retaining walls, bins, stand-pipes, and other structures not ordinarily 
covered in text-books on stresses have been given in compact form. Great care has been used 
to give examples of structures that represent standard practice. With a few exceptions the draw- 
ings of details of structures have been especially prepared for this book from actual working plans. 
The book is a source book and is not a treatise, and is intended to furnish data and details that 
are available only to a few engineers; and standard specifications for materialsand workmanship 
that are available only in transactions of societies and in special treatises. 

The tables giving properties of columns, top chords, plate girders and struts have been cal- 
culated especially for this book, and are original in material and arrangement. In calculating 
the tables only those sections which comply with standard specifications have been given. The 
tables have been calculated by the use of calculating machines and have been checked with great 
care. The values will be found to be correct to one unit in the last. place given. Properties of 
Carnegie and Bethlehem sections are given in a compact form for easy reference. The tangents 
of the angle of the axis giving the least radius of gyration, given in the tables giving properties 
of Carnegie angles, were taken from Cambria Steel. With the exception of a few special I beams 
and channels the tables may be used for Cambria,-Pencoyd and Jones & Laughlin angles, I beams 
and channels. The American Bridge Company standards for eye-bars, loop-bars, clevises, pins, 
and other structural details are given. Tables of logarithms, function of angles and tables that 
are easily available have not been included. : 

The size of the book and the size of the type page were selected for the reasons that they give 
a book of standard size with a type page large enough so that each table can come squarely on one 
page, and large enough so that complete plans of structures can be given. A large clear type was 
selected for both the text and for the tables. The paper has been selected with the idea of clear- 
ness of the printed page. 

4 This book is a result of many years’ work, during which time the author has written four 
books on structural engineering. In writing this book the author has drawn on his other books, 
although much of the material given on steel mill buildings and highway bridges is new, and the 
Structural Engineers’ Handbook supplements the author’s other books. 

’ Data and details have been obtained from many sources, to which credit has been given in 
the body of the book. The author is under special obligation to many engineers, to which special 
acknowledgment cannot be made on account of lack ot space. 
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vil _PREFACE 


In writing this book the author has been assisted by several of his former students. Credit 
is due to Mr, I. C. Crawford, Instructor in Civil Engineering, for assistance in calculating tables 
and reading proof; to Mr. C. S. Sperry, Instructor in Engineering Mathematics, for assistance in 
calculating tables; to Professor H. C. Ford, of Iowa State College, and Mr. T. A. Blair, Instructor 
in Civil Engineering, for assistance in preparing the drawings; and especially to Mr. W. C. Hunt- 
ington, Assistant Professor of Civil Engineering, for assistance in arranging and calculating tables, 
reading proof and assistance in other ways. 

The author will appreciate notices of errors and suggestions for the improvement of future 
editions, 

M.S. kK 

BouLDER, CoLoRADO. 

August 23, 1914. 


PREFACE LO; SECOND ap arian 


In this edition details of steel windows and doors, data on cement and gypsum tile roofs, 
solutions for bending moments in mill building columns and stresses in stiff frames have been added 
to Chapter I, and Chapter III, Steel Highway Bridges, has been rewritten and enlarged. All 
known errors have been corrected. Duties required of the author as Assistant Director in Charge 
of Construction of the U. S. Government Explosives Plant, Nitro, West Virginia, have made it 
impossible to complete a more thorough revision that was planned. 

‘ ; Mos. KK 

U. S. GovERNMENT ExpLostves PLant “C,” 

Nitro, WEsT VIRGINIA, 
May 12, 1918. 
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STRUCTURAL ENGINEERS’ HANDBOOK 


Introduction.—The book is divided into two parts which are self contained. Part I includes 
a discussion of the design of structures and gives data and’ details for the design of steel bridges 
and buildings. Part II contains tables for structural design and includes tables giving the proper- 
ties of rolled sections, properties of built-up sections for chords, columns, struts, plate girders, 
etc., and data for standard structural details. 


PARTI. 


DATA AND DETAILS FOR THE DESIGN AND CONSTRUCTION OF STEEL BRIDGES 
AND BUILDINGS. 


Introduction.—The discussion in Part I has been limited to steel bridges and buildings and 
other simple steel structures; no reference being made to swing and movable bridges, cantilever 
and suspension bridges. The design of a bridge includes the design of the substructure as well as 
the superstructure, so that the design of retaining walls and bridge abutments has been briefly 
discussed. Timber trestles and bridges are required for temporary structures and for the erection 
of steel structures, and a brief discussion of timber trestles and bridges is therefore properly 
included. 

The design of a structure requires not only a knowledge of the properties of materials and the 
ability to calculate the stresses, but also a knowledge of local conditions and requirements, of 
economic design, of details of construction, of methods of erection, methods of fabrication and 
their effect on cost, and of many other matters which limit the design. The most economical 
structure for any given conditions is the one which will give the greatest service for the least 
money, quality of service and the life of the structure being given proper consideration. Financial 
limitations often limit the design and the problem then is to design a structure that will give 
satisfactory service with the money available. 

To design a satisfactory structure when limited by financial considerations is a problem that 
requires the exercise of the highest possible skill on the part of the engineer. He must be able to 
select an economical type of structure; he must make an accurate estimate of the loads to be carried 
by the structure; he must be able to calculate the stresses with accuracy; he must make the de- 
tailed design with due reference to ease of obtaining the material, the cost of shop work, and the 
cost of erection. 

The shop cost of steel structures varies with the type of structure, the size and weight of the 
members and upon the make-up of the members and the details. By using fewer and larger mem- 
bers, by using rolled beams and columns in the place of built-up plate girders and columns, and by 
using tie plates in the place of lacing, the shop cost per pound of a railroad bridge may be materially 
reduced. If the simplification of the design is carried too far the reduction in shop cost will result 
in a material increase in the weight of the bridge, and in an increase in the cost of the bridge, 
with a decrease in efficiency. The details of the design of a structure should be worked out with 
reference to ease and economy of erection as well as ease and low cost of fabrication. While the 
standardizing of connections so that multiple punches may be used may result in a considerable 
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saving in shop cost, it often results in a material increase in the weight of the details of the struc- 
ture, and in the number of field rivets, so that the efficiency of the structure is not increased, 
and the final cost of the structure is not reduced. The author has in mind a case where to change 
the details of a plate girder so that multiple punches might be used required the addition of details 
equal to 5 per cent of the weight of the span and the addition of 25 per cent to the number of field 
rivets, with no increase in efficiency. 

The best results are obtained when the structural engineer prepares carefully worked out 
detail drawings (not shop drawings) in which the efficiency of the structure, ease of fabrication 
and ease of erection are given due consideration. The shop drawings may then be prepared by 
the bridge company to take the greatest possible advantage of improved shop methods without 
decreasing the efficiency of the structure, or increasing the total weight, or increasing the cost of 
erection. é 

Part I is divided into seventeen chapters, of which the first eleven chapters cover different 
types of structures, and the last six chapters cover subjects which apply to all types of steel con- 
struction. While the aim has been to present the largest possible amount of information in the 
limited space, each subject presented is discussed briefly in a logical order. 

While the author has drawn on his other books in the various chapters, the reader will find 
much new material on the subjects covered in the other books, especially in Chapter I, Steel Roof 
Trusses and Mill Buildings, and Chapter III, Steel Highway Bridges, so that this book supple- 
ments the author’s other books on structures. Each chapter is self-contained, the illustrations 
and tables being numbered independently of the other chapters. As far as possible the different 
subjects are discussed fully in each chapter, thus reducing cross-references. The most of the 
cross-referencing is made through the index, which together with the table of contents will be 
found invaluable to the reader. 


= CHAPTER I. 


STEEL Roor TrussES AND Mit. BuILpINcs. 


Definitions.—The following definitions will assist the reader in a study of roof trusses and 
steel frame buildings. 

. Truss.—A truss is a framed structure in which the members are so arranged and fastened 
at their ends that external loads applied at the joints of the truss will cause only direct stresses 
_ in the members. In its simplest form a truss is a triangle or a combination of triangles. In this 

chapter it will be assumed (1) that the structure is not constrained by the reactions, (2) that the 
axes of the members meet in a common point at the joints, and (3) that the joints have friction- 
* less hinges. 
Transverse Bent.—A transverse bent consists of a truss supported at the ends on columns 
‘and braced against longitudinal movement by knee braces attached to the lower chord of the 
truss and to the columns. 
_ Purlin——A beam that rests on the top chords of roof trusses and supports the sheathing 
that carries the roof covering, or supports the roof covering directly, or supports rafters. 
Rafter.—A beam that rests on the purlins and supports the sheathing, or may support sub- 
purlins. Rafters are not commonly used in mill buildings. 
Sub-purlin.—A secondary system of purlins that rest on the rafters and are spaced so as to 
support the tile or slate covering directly without the use of sheathing. 
Sheathing.—A covering of boards or reinforced concrete that is carried on the purlins or 
rafters to furnish a support for the roof covering. 
~ Girt.—A beam that is fastened to the columns to support the side covering either directly 
or to support the side sheathing. 
Monitor Ventilator.—A framework at the top of the roof that carries fixed or movable louvres, 
or sash in the clerestory. 
Clerestory.—The clear opening in the side framework of a monitor ventilator of a building, 
also the clear opening on the side of a building. 

Louvres.—Slats made of metal or wood which are placed in the clerestory of a monitor 

‘ ventilator to keep out the storm, Louvres may be fixed or movable. The opening of a monitor 
ventilator is also called a louvre. 
Panel.—The distance between two joints in a roof truss or the distance between purlins, 
Bay.—The distance between two trusses or transverse bents. 
Pitch.—The pitch of a truss is the center height of the truss divided by the span where the 
truss is symmetrical about the center line. 
Other terms are defined when they are first used. 


DATA FOR THE DESIGN OF RooF TRUSSES AND STEEL FRAME BUILDINGS. 


Weight of Roof Trusses.—The weight of roof trusses varies with the span, the distance 
between trusses, the load carried or capacity of the truss, and the pitch. 


The empirical formula 
ie L 
=— Aas, ( I —.) 
45 SSA (1) 


3 


where 


4 STEEL ROOF TRUSSES AND MILL BUILDINGS. Cuap. I. 


W = weight of steel roof truss in pounds; 
P = capacity of truss in pounds per square foot of horizontal projection of roof (30 to 80 lb.); 
A = distance center to center of trusses in feet (8 to 30 ft.); 
L = span of truss in feet; : 
was deduced by the author from the computed and shipping weights of mill building trusses of 


the Fink type. 


Weight of Purlins, Girts, Bracing, and Columns.—Steel purlins will weigh from 1} to 4 Ib. 
per sq. ft. of area covered, depending upon the spacing and the capacity of the trusses and the 
snow load. Girts and window framing will weigh from 1} to 3 lb. per sq. ft. of net surface. Brac- 
ing is quite a variable quantity. The bracing in the planes of the upper and lower chords will 
vary from 3 to 1 lb. per sq. ft. of area. The side and end bracing, eave struts and columns will - 
weigh about the same per sq. ft. of surface as the trusses. 

Weight of Roof Covering.—The weight of corrugated iron or steel covering varies from 
1} to 3 lb. per sq. ft. of area. The weight of corrugated steel is given in Table I. The approxi- 
mate weight per square foot of various roof coverings is given inthe following table: 


Corrugated steel, without sheathing.  .. «ao. sm nae stscae cleleissisieisisioees «eter I to3 lb. 
Kelt:and asphalt, without sheathing. 2). 4. s0-1tesieienattsei etn iris aaa 
‘Tar and Gravel. Roofing, without sheathing 4... 5 seem er sire siete eaiseree 8 toto “ 
Slate, 16 in. to/din:, withotit sheathing a= is.0ae eee erate eee ene 7 tO! O ne 
Tin, without sheathing s-.6 .., sieve. are soa) oie) eee teal ce eee eae ees ele acts oe Dto ise 
Skylight glass, 7% in. to 3 in., including frames...............-.0.---0ee- 4toi1o “ 
White pine sheathing in. thick? Ser. tee eee aetna see ee 
Yellow pine sheathing.vin. thick ay, 0. eceeece te eieeee Creer eee iat Aha 
DGS % si) eins Demet ese Foro rete Ob -schon oo mabdccote nobeSesuH acids 15 to 20 “ 
Tilessicotrugated! 6 ie a oa sssieiesacere aveneter toheneteuguelerete cant etal eralelebedeutien-1geieTee trea 8toio “ 
Wiles\yon concrete slabs..s <apin cierto enete noletaioks etal Soket tees eke el er eee 30 to 35 “ 
Plastered (celine i: ahs. ws cis tele oo ole canyon eke sketoleteeiekemeetacde acice ia eotkecepetas TOne 


The actual weight of roof coverings should be calculated if possible. 
Snow Loads.—The annual snowfall in different localities is a function of the humidity and 
the latitude and is quite a variable quantity. The amount of snow on the ground at one time 


is still more variable. 


The snow loads given in Fig. 1 were proposed by the author in ‘‘ The Design 


of Steel Mill Buildings” in 1903 and have been generally adopted. 


Snow Lead per sq-ft hor pro} 


Latitude in Degrees 
Fic. 1. Snow Loap on Roors For DIFFERENT LATITUDES, IN POUNDS PER SQUARE Foor. 


One of the heaviest falls of snow on record occurred at Boulder and Denver, Colorado on 
Dec. 5 and 6, 1913, when 36 inches of snow weighing 9 lb. per cu. ft. fell during two days. Many 


WIND LOADS. ; 5 


flat roofs were loaded with a snow load of more than 30 Ib. per sq. ft. and roofs with a pitch of one- 
half carried the full snow load of 27 Ib. per sq. ft. of horizontal projection. 

A high wind may follow a heavy sleet and in designing the trusses the author would recom- 
mend the use of a minimum snow and ice load as given in Fig. 1 for all slopes of roofs. The 
maximum stresses due to the sum of this snow load, the dead and wind loads; the dead and wind 
loads; or of the maximum snow load and the dead load being used in designing the members. 

Wind Loads.—The wind pressure, P, in pounds per square foot on a flat surface normal to 
the diréction of the wind for any given velocity, V, in miles per hour is given quite accurately 
by the formula 

f P = 0.004 V? (2) 


The pressure on other than flat surfaces may be taken in per cents of that given by formula 
(2) as follows: 80 per cent on a rectangular building; 67 per cent on the convex side of cylinders; 
115 to 130 per cent on the concave side of cylinders, channels and flat cups; and 130 to 170 per 
cent on the concave sides of spheres and deep cups. 

Recent German specifications for design of tall chimneys specify wind loads per square foot 
as follows: 26 Ib. on rectangular chimneys; 67 per cent of 26 Ib. on circular chimneys; and 71 
per cent of 26 lb. on octagonal chimneys. 

The official specifications for the design of teal framework in Prussia have recently been 
amplified in the matter of wind pressures. For the wind-bracing, as a whole, the wind pressure 
on the whole building is to be taken as 17 Ib. per sq. ft. For proportioning individual frame 
members, girts, studs, trusses, etc., a higher value of wind pressure must be assumed, viz., 28 to 
34 Ib. per sq. ft. 

It would seem that 30 lb. per square foot on the side and the normal component of a hori- 
zontal pressure of 30 Ib. on the roof would be sufficient for all except exposed locations. If the 
building is somewhat protected a horizontal pressure of 20 Ib. per square foot on the sides is 
certainly ample for heights less than, say 30 feet. 

_ Wind Pressure on Inclined Surfaces.—The wind is usually taken as acting horizontally 
and the normal component on inclined surfaces is calculated. 


Ph 


oo 


Fic. 2. 


The normal component of the wind pressure on inclined surfaces has usually been computed 
by Hutton’s empirical formula 
4 ips = P+sin fp REELS! (3) 


where P, equals the normal component of the wind pressure, P equals the pressure per square 
foot on a vertical surface, and A equals the angle of inclination of the surface with the horizontal, 
Fig. (2). 
The formula due to Duchemin 
2 sin A 


I+sin? A 


where P,, P and A are the same as in (3), gives results considerably larger for ordinary roofs 
than Hutton’s formula, and is coming into quite general use. 
The formula 


IPA iP (4) 


P, = P-A/4s (5) 
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where P, and P are the same as in (3) and (4), and A is the angle of inclination of the surface 
in degrees (A being equal to or less than 45°), gives results which agree very closely with Hutton’s 
formula, and is much more simple. : 

Hutton’s formula (3) is based on experiments which were very crude and probably erroneous. 
Duchemin’s formula (4) is based on very careful experiments and is now considered the most 
reliable formula in use. The Straight Line formula (5) agrees with experiments quite closely 
and is preferred by many engineers on account of its simplicity. 

The values of P, as determined by Hutton’s, Duchemin’s and the Straight Line formulas 
are given in Fig. 3, for P equals 20, 30 and 40 |b. 

It is interesting to note that Duchemin’s formula with P equals 30 pounds gives practically 
the same values for roofs of ordinary inclination as is given by Hutton’s and the Straight Line 
formulas with P equals 40 pounds. 
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Duchemin has also deduced the formula 
2 sin? A 
fon Pe eiel 6) 
where P, in (6) equals the pressure parallel to the direction of the wind, Fig. 2; and 


2 sin A-cos A 
By Earned (7) 


where P; in (7) equals the pressure at right angles to the direction of the wind, Fig. 2. P; may 
be an uplifting, a depressing or a side pressure. With an open shed in exposed positions the 
uplifting effect of the wind often requires attention. In that case the wind should be taken 
normal to the inner surface of the building on the leeward side, and the uplifting force determined 
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by using formula (7). If the gables are closed a deep cup is formed, and the normal pressure 
should be increased 30 to 70 per cent. 

That the uplifting force of the wind is often considerable in exposed localities is made evident 
by the fact that highway bridges are occasionally wrecked by the wind. 

The wind pressure is not a steady pressure, but varies in intensity, thus producing excessive 
vibrations which cause the structure to rock if the bracing is not rigid. The bracing in milli 
buildings should be designed for initial tension, so that the building will be rigid. Rigidity is 
of more importance than strength in mill buildings. 

Miscellaneous’ Loads.—Data on the weights of materials are given in Chapter II. The 
weights and other data for hand cranes are given in Table 133 and of electric cranes are given 
in Table 130, Part II. 

Minimum Loads.—For minimum loads to be calculated on roofs see § 27, ‘‘Specifications for 
Steel Frame Buildings” in the last part of this chapter. 

STRESSES IN ROOF TRUSSES AND MILL BUILDINGS.—For the calculation of the 
stresses in roof trusses and in the framework of steel frame mill buildings, see the author’s ‘‘ The 
Design of Steel Mill Buildings.” 


DESIGN OF STEEL MILL BUILDINGS. 


General Principles of Design.—The general dimensions and the outline of a mill building 
will be governed by local conditions and requirements. The questions of light, heat, venti- 
lation, foundations for machinery, handling of materials, future extensions, first cost and cost 
of maintenance should receive proper attention in designing the different classes of structures. 
One or two of the above items often determines the type and general design of the structure. 
Where real estate is high, the first cost, including the cost of both land and structure, causes 
the adoption in many cases of a multiple story building, while on the other hand where the site 
is not too expensive the single story shop or mill is usually preferred. In coal tipples and shaft 
houses the handling of materials is the prime object; in railway shops and factories turning out 
heavy machinery or a similar product, foundations for the machinery required, and convenience 
in handling materials are most important; while in many other classes of structures such as weaving 
sheds, textile mills, and factories which turn out a less bulky product with light machinery, and 
which employ a large number of men, the principal items to be considered in designing are light, 
heat, ventilation and ease of superintendence. 

Shops and factories are preferably located where transportation facilities are good, land is 
cheap and labor plentiful. Too much care cannot be used in the design of shops and factories 
for theweason that defects in design that cause inconvenience in handling materials and workmen, 
increased cost of operation and maintenance are permanent and cannot be removed. 

The best modern practice inclines toward single floor shops with as few dividing walls and 
partitions as possible. The advantages of this type over multiple story buildings are (1). the 
light is better, (2) ventilation is better, (3) buildings are more easily heated, (4) foundations for 
machinery jare cheaper, (5) machinery being set directly on the ground causes no vibrations in 
the building, (6) floors are cheaper, (7) workmen are more directly under the eye of the superin- 
tendent, (8) materials are more easily and cheaply handled, (9) buildings admit of indefinite 
extension in any direction, (10) the cost of construction is less, and (11) there is less danger from 
damage due to fire. 

The walls of shops and factories are made (1) of brick, stone, or concrete; (2) of brick, hollow 
tile or concrete curtain walls between steel columns; (3) of expanded metal and plaster curtain 
walls and glass; (4) of concrete slabs fastened to the steel frame; and (5) of corrugated steel fastened 
to the steel frame. 

The roof is commonly supported by steel trusses and framework, and the roofing may be 
slate, tile, tar and gravel or other composition, tin or sheet steel, laid on board sheathing or on 
concrete slabs, tile or slate supported directly on the purlins, or corrugated steel supported on 
board sheathing or directly on the purlins, Where the slope of the roof is flat a first grade tar 
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and gravel roof, or some one of the patent composition roofs is used in preference to tin, and ona 
steep slope slate is commonly used in preference to tin or tile. Corrugated steel roofing is much 
used on boiler houses, smelters, forge shops, coal tipples, and similar structures. 

Floors in boiler houses, forge shops and in similar structures are generally made of cinders; 
in round houses brick floors on a gravel or concrete foundation are quite common; while in buildings 
where men have to work at machines the favorite floor is a wooden floor on a foundation of cinders, 
gravel, or tar concrete. Where concrete is used for the foundation of a wooden floor it should be 
either a tar or an asphalt concrete, or a layer of tar should be put on top of the cement concrete 
to prevent decay. Concrete or cement floors are used in many cases with good results, but 
they are not satisfactory where men have to stand at benches or machines. Wooden racks on 
cement floors remove the above objection somewhat. Where rough work is done, the upper or 
wearing surface of wooden floors is often made of yellow pine or oak plank, while in the better 
classes of structures, the top layer is commonly made of maple. For upper floors some one of 

-the common types of fireproof floors, or as is more common a heavy plank floor supported on 
beams may be used. 

Care should be used to obtain an ample amount of light in buildings in which men are to 
work. It is now the common practice to make as much of the roof and side walls of a trans- 
parent or translucent material as practicable; in many cases fifty per cent of the roof surface is 
made of glass, while skylights equal to twenty-five to thirty per cent of the roof surface are very 
common. Direct sunlight causes a glare, and is also objectionable in the summer on account of 
the heat. Where windows and skylights are directly exposed to the sunlight they may best be 
curtained with white muslin cloth which admits much of the light and shades perfectly. The 
“saw tooth” type of roof with the shorter and glazed tooth facing the north, gives the best light 
and is now coming into quite general use. 

Plane glass, wire glass, factory ribbed glass, and translucent fabric are used for glazing 
windows and skylights. Factory ribbed glass should be placed with the ribs vertical for the 
reason that with the ribs horizontal, the glass emits a glare which is very trying on the eyes of 
the workmen. Wire netting should always be stretched under skylights to prevent the broken 
glass from falling down, where wire glass is not used. 

Heating in large buildings is generally done by the hot blast system in which fans draw the 
air across heated coils, which are heated by exhaust steam, and the heated air is conveyed by 
ducts suspended from the roof or placed under the ground. In smaller buildings, direct radiation 
from steam or hot water pipes is commonly used. : 

The proper unit stresses, minimum size of sections and thickness of metal will depend upon 
whether the building is to be permanent or temporary, and upon whether or not the metal is 
liable to be subjected to the action of corrosive gases. For permanent buildings the author 


would recommend 16,000 Ib. per square inch for allowable tensile, and 16,000 — at Ib. per 
r 


square inch for allowable compressive stress for direct dead, snow and wind stresses in trusses 
and columns; / being the center to center length and 7 the radius of gyration of the member, 
both in inches. For wind bracing and flexural stresses in columns due to wind, add 25 per cent 
to the allowable stresses for dead, snow and wind loads. For temporary structures the above 
allowable stresses may be increased 20 to 25 per cent. 

The minimum size of angles should be 2” X 2” X }’, and the minimum thickness of plates 
{ in., for both permanent and temporary structures. Where the metal will be subjected to’ 
corrosive gases as in smelters and train sheds, the allowable stresses should be decreased 20 to 25 
per cent, and the minimum thickness of metal increased 25 per cent, unless the metal is fully 
protected by an acid-proof coating (at present the best paints do little more in any case than 
delay and retard the corrosion). 

The minimum thickness of corrugated steel should be No. 20 gage for the roof and No. 22 
for the sides; where there is certain to be no corrosion Nos. 22 and 24 may be used for the roof 
and sides respectively. 
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Steel Frame Mill Buildings.—The framework of a steel frame mill building consists of a 
series of transverse bents, which carry the purlins on the tops of the trusses, and girts on the 
sides of the columns to carry the covering, Fig. 4. The framework is braced by diagonal bracing 
in the planes of the roof and the sides of the building, and in the plane of the lower chords, A 
transverse bent consists of a roof truss supported at the ends on columns and is braced against 
endwise movement by means of knee braces. The framing plan for a steel frame mill building 
is shown in Fig. 4. Steel mill buildings are also made with end trusses in place of the end framing 
shown in Fig. 4. 
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Types of Roof Trusses.—Several types of roof trusses are shown in Fig. 5. These trusses 
have been subdivided so that the purlins will come at the panel points, and will not have a spacing 
greater than 4 ft. 9 in., the greatest spacing allowed for corrugated steel roofing when laid without 
sheathing. The Fink trusses shown in (a) to (g) are commonly used in steel frame buildings 
and are very economical. The other types of trusses need no explanation. 

Different methods of lighting and ventilating buildings through the roof are shown in Fig. 6. 

Saw Tooth Roofs.—The common type of saw tooth roof is shown in (m) Fig. 6. The glazed 
leg faces the north and permits only indirect light to enter the building, thus doing away with 
the glare and varying intensity of light in buildings where direct sunlight enters. In cold climates 
the snow drifts the gutters nearly full and causes loss of light and also leakage from the over- 
flowing gutters. The modified saw tooth roof shown in (m) was designed by the author, to obviate 
the defects in the common type of saw tooth roof. The modified saw tooth roof permits the 
use of a greater span and more economical pitch than the common form shown in (m). 

Transverse Bents.—A number of the common forms of transverse bents are shown in Fig. 7. 
Transverse bents (a), (b), (d), and (h) are used for boiler houses, shops, etc., while (c), (e), (f) 
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and (g) are used for shops or buildings where the main part of the building is required to be covered 
by a crane and side sheds are used for lighter work. 

Roof Arches.—Roof arches are used where a large clear floor space is required as in coliseums, 
exposition buildings and train sheds, Fig. 8. The arches are braced in pairs and carry the roof 
covering. Arches may have one, two or three hinges, or may be made without hinges. Three- 
hinged arches are statically determinate structures, while the stresses in all other arches are 
statically indeterminate. Arches without hinges are used for domes. Three-hinged roof arches 
have been commonly used in America, although the two-hinged roof arch is more economical 
and has many advantages. Arches may have a horizontal tie as in the Chicago Stock Pavilion 
and the Government Building, or the horizontal reactions may be carried by the foundations 
as in the St. Louis Coliseum, Fig. 8. For the calculation of the stresses in three-hinged and two- 
hinged roof arches, see the author’s “‘The Design of Steel Mill Buildings.” 

Pitch of Roof.—The pitch of a roof is given in terms of the center height divided by the span; 
for example a 60-ft. span truss with { pitch will have a center height of 15 ft. The minimum 
pitch allowable in a roof will depend upon the character of the roof covering, and upon the kind 
of sheathing used. For corrugated steel laid directly on purlins, the pitch should preferably be 
not less than } (6 in. in 12 in.), and the minimum pitch, unless the joints are cemented, not less 

than #. Slate and tile should not be used on a less slope than } and preferably not less than 4. 
The lap of the slate and tile should be greater for the less pitch. Gravel should never be used 
on a roof with a greater pitch than about $, and even then the composition is very liable to run. 
Asphalt is inclined to run and should not be used on a roof with a pitch of more than, say, 2 in. 
to the foot. If the laps are carefully made and cemented a gravel and tar or asphalt roof may be 
practically flat; a pitch of ¢ to I in. to the foot is, however, usually preferred. Tin may be used 
on a roof of any slope if the joints are properly soldered. Most of the patent composition roofings 
give better satisfaction if laid on a roof with a pitch of $ to 4. ebingl should not be used on a 
roof with a pitch less than }, and preferably the pitch should be 3 to 3. 

Pitch of Truss.—There is very little difference in he wsight of Fink trusses with hoxizadeal 
bottom chords, in which the top chord has a pitch of $, $, or }. The difference in weight is quite 
noticeable, however, when the lower chord is cambered; the truss with the $ pitch being then 
more economical than either the $ or the } pitch. Cambering the lower chord of a truss more 
than, say, I-40 of the span adds considerable to the weight. For example the computed weights 
of a 60-ft. Fink truss with a horizontal lower chord, and a 60-ft. Fink truss with a camber of 3 ft. 
in the lower chord, showed that the cambered truss weighed 40 per cent more for the } pitch and 
15 per cent more for the 3 pitch, than the truss having the same pitch with horizontal lower 
chord. It is, however, desirable for appearance sake to put a slight camber in the bottom chords 
of roof trusses, for the reason that to the eye a horizontal lower chord will appear to sag if viewed 
from one side. 

In deciding on the proper pitch, it should be noted that while the } pitch gives a better slope 
and has a less snow load than a roof with } or $ pitch, it has a greater wind load and more roof 
surface. Taking all things into SAaeideation’: pitch is probably the most economical pitch for a 
roof. A roof with } pitch is, however, very flearly as economical, and should preferably be used 
where corrugated spect roofing is used without sheathing, and where the snow load is large. 

Spacing of Trusses and Transverse Bents.—The weight of trusses and columns per square 
foot of area decreases as the spacing increases, while the weight of the purlins and girts per square 
foot of area increases as the spacing increases. The economic spacing of the trusses is a function 
of the weight per square foot of floor area of the truss, the purlins, the side girts and the columns, 
and also of the relative cost of each kind of material. For any given conditions the spacing 
which makes the sum of these quantities a minimum will be the economic spacing. It is desirable 
to use simple rolled sections for purlins and girts, and under these conditions the economic spacing 
will usually be between 16 and 25 ft. The smaller value being about right for spans up to, say, 
60 ft., designed for moderate loads, while the greater value is about right for long spans, designed 


for heavy loads. 
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Calculations of a series of simple Fink trusses resting on walls and having a uniform span 
of 60 ft. and different spacings gave the least weight per square foot of horizontal projection of 
the roof for a spacing of 18 ft., and the least weight of trusses and purlins combined for a spacing 
of 10 ft. The weight of trusses per square foot was, however, more for the 10-ft, spacing than 
for the 18-ft. spacing, so that the actual cost of the steel in the roof was a minimum for a spacing 
of about 16 ft.; the shop cost of the trusses per Ib. being several times that of the purlins. Local 
conditions and requirements usually control the spacing of the trusses so that it is not necessary 
that we know the economic spacing very definitely. 

For long spans the economic spacing can be increased by using rafters supported on heavy 
purlins, placed at greater distances than would be required if the roof were carried directly by the 
purlins. This method is frequently used in the design of train sheds and roofs of buildings where 
plank sheathing is used to support slate or tile coverings, or where the tiles are supported by 
angle sub-purlins spaced close together as shown in Fig. 13. 


Truss Details.—Riveted trusses are commonly used for mill buildings and similar structures. 
For ordinary loads the chord sections are commonly made of two angles, Fig. 10. For heavy 
loads the chords may be made of two channels, Fig. 12. Where the purlins are not placed at the 
panel points the upper chord must be designed for flexure as well as for direct stress. Two angles 
with a vertical plate make an excellent section where the chord must take both direct and flexural 
stréss. Trusses supported on masonry walls should have one end supported on sliding plates 
for spans up to 70 ft., for greater lengths of span rollers or a rocker should be used. Shop drawings 
of a steel roof truss are given in Fig. 10. Details of the end connections of trusses resting on walls 
and fastened to columns are given in Fig. 11. Details of truss joints are given in Fig. 11. Wher- 
ever possible, truss joints should be so designed that the joint will not be eccentric. 


Details of Roof Framing.—Roof trusses and transverse bents should be braced transversely 
with vertical framework and bracing to give the roof framing lateral stability. The bracing may 
be placed in the center line of the building as in Fig. 12, or at the quarter points as in Fig. 4; 
long span trusses should be braced at both the center and the quarter points. Details of roof 
framing giving methods of bracing roof trusses and transverse bents are given in F ig. 4, Fig. 41, 
and Fig. 42. : 

Details of a roof truss and roof framing to carry a Ludowici tile roof without sheathing, are 
shown in Fig. 13. The tiles are carried on sub-purlins, the sub-purlins are supported by rafters, 
which are in turn supported by the purlins. 

Columns.—The common forms of columns used in mill buildings are shown in Fig. 14. For 
side columns with light loads column (g) composed of four angles laced is very satisfactory, while 
for side columns that take bending and heavy loads column (f) composed of four angles and a 
plate is the most satisfactory column. Columns (a), (6), (c), (d), (e) and (j) are used to carry 
heavy loads. The I beam and the angle columns are used for end and corner columns, respec- 
tively. Details of a four angle laced column and a four angle and plate column are shown in 
Fig. 15. Details of a heavy column and a light column made of two channels laced are shown 
in Fig. 16. 


CORRUGATED STEEL.—Corrugated steel is rolled to U. S. standard gage. The weights 
of flat steel and corrugated steel for different gages and thickness are given in Table I. Corru- 
gated siding and roofing is rolled as shown in Fig. 17. The special corrugated steel in (b) Fig. 17 

_is commonly used for roofing, and the corrugated steel in (c) is used for siding. 

The standard stock lengths vary by single feet from 4 ft. to 10 ft. Sheets can be obtained _ 
as long as 12 ft., but are special and®cost 5 per cent extra and will delay the order. 

The purlins for corrugated steel without sheathing should be spaced for a load of 30 lb. per 
sq. ft. on the roof; and the girts for 25 lb. per sq. ft. on the sides, as given in Fig. 18. 

The details of corrugated steel as given in Fig. 19 are standard with the McClintic-Marshall 
Construction Company and the American Bridge Company, 
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Fastenings for Corrugated Sheeting.—Corrugated steel is fastened to purlins.and girts usually 


by the following fasteners. 

Straps.—These are made of No. 18 U. S. gage steel, ? of an in. wide. These straps pass 
around the purlins and are riveted to the sheets at both ends by 7%’’ diameter rivets, } in. long; 
or, they may be fastened by bolts. Order one strap and two rivets, or bolts, for each lineal foot 
of girt or purlin, to which the corrugated steel is to be fastened, and add 20 per cent to the number 
of rivets for waste, and 10 per cent to the straps or the bolts. One thousand rivets will weigh 


6 lb.; one bundle of hoop steel will weigh 50 lb. and contains 400 lineal feet. 
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Fic. 14. Types OF COLUMNS FOR STEEL Mitt BUILDINGS. 


Clinch Rivets or Nails.—These are special rivets or nails made of No. 9 Birmingham gage 
wire, which clinch around the edge of the angle iron or channel and are used for fastening the steel 
sheathing to steel purlins or girts. They are of the lengths shown on page 24. 
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Order two rivets to each lineal foot of purlin or girt to which the corrugated steel is to be 
fastened and add to per cent for waste. 

Clips and Bolts.—These are used for fastening corrugated steel to steel purlins or girts. Clips 
are made of No. 16, 13 in. steel, about 23 in. long, and are slightly crimped at one end, to go over 
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the flange of the purlin. The bolts are of the same diameter, and have the same head as the clinch 
rivets, except that they are supplied with threads and nut, and are about 1 in. long. These clips 
and bolts should not be used excepting in special cases, where the regular fastenings cannot be 
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TABLE oF CLINcH NAILS. 


L Purlin leg. . 
Length 
Nonper lb cir. sete tanec 


PeParrlin depts ie sessc.niesateeuers 
Length 
No. per Ib 


In cases where flashing, cornice work, and several thicknesses of metal are to be fastened at 
one point, rivets or bolts, other than standard lengths given will be needed. Closing rivets 3 in. 
long and bolts 13 in. long will usually answer in these cases. 

If side laps of corrugated steel are to be riveted, rivets should be ordered, one for each lineal 
foot of side lap, plus 20 per cent for waste. 

If corrugated steel is to be fastened to wooden purlins or timber sheathing, order 8d barbed 
nails for roofing and for siding. These nails should be spaced one foot apart, for both end and side 
laps; add 20 per cent for waste. Ninety-six 8d barbed nails weigh 1 lb. 

Corrugated steel for roofing should be laid with two corrugations side lap if standard or 14 
corrugations side lap if special, and 6 in. end lap. Corrugated steel for siding should have one 
corrugation side lap and 4 in. end lap. 

Louvres.—Weights of Shiffier louvres of black iron or steel are as follows: 


Gage No. Weight per Square Feet. © 
20 2.7 |b. 
22 2.0 |b. 


The weight is obtained from Fig. 20, as follows: 
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Louvres are estimated in square feet = 2h X length. 

To get weight multiply area by (1.7 X weight per sq. ft. of flat of material used). 

Ridge Roll.—Ridge roll is ordinarily of same gage as roofing and black or galvanized to cor- 
respond with same. Ridge roll is usually made from an 18 in. flat sheet. 


WEIGHT oF RIDGE ROLL. 


Weight, lb. per lineal ft, 


2.4 
ae Black Iron or Steel. 
+ ¢ 
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TABLE I. 
CoRRUGATED SHEETS. AMERICAN SHEET AND TIN PLATE CoMPANY STANDARD. 


DESCRIPTION OF CORRUGATED SHEETS AREAS OF CORRUGATED SHEETS 


Corrugations Width, Inches Sq. Ft. in 1 Sheet Sheets in roo Sq. Ft. 


Width, Inches Corrugations Corrugations 


See |) Depth,” | Num- 
‘ Approx. | ber per 
Nominal | Actual Inches | Sheet 


Length of 
Sheet, Inches 


Mw pitt oo llt 
7 
5! 3 vo > ra’, a” BiG 3 tir A rR”, git 


11.67 | 10.83 | 10.42 | 8.57 | 9.23 | 9.60 
14.00 | 13.00 | 12.50] 7.14 | 7.69 | 8.00 
16.33 | 15.17 | 14.58 | 6.12 | 6.59 | 6.86 
18.67 | 17.33 | 16.67 | 5.36 | 5.77 | 6.00 
21.00 | 19.50 | 18.75 | 4.76 | 5.13 | 5.33 
23.33 | 21.67 | 20.83 | 4.29 | 4.62 | 4.80 
Standard lengths 5, 6, 7, 8,9 and 10 feet: Max- 4 | 28.00 } 26.00 | 25.00 | 3.57 | 3.85 | 4.00 


imum length, 12 feet for 5’ to 13” corrugation. 


me Coleaba|tbo|++ cojexcolaa 


CORRUGATED SHEETS.—Painted. 
Weights in Pounds per 100 Square Feet. 


Thickness, U. S. Standard Gage and Decimals of an Inch 


20 24 


forte) | : 5) 025 


163 2 110 
163 3 110 
163 aie IIO 
163 2 IIO 
170 12 II4 
fen 114 


CORRUGATED SHEETS.—Galvanized. 
Weights in Pounds per 100 Square Feet. 


Thickness, U. S. Standard Gage and Decimals of an Inch 


20 21 oe 23 24 
.038 | .034 | .031 | .028 | .025 


138 124 
138 124 
138 124 
138 124 
eee LO 


129 


The weights per 100 square feet given in preceding tables do not include allowances for end 
or side laps. The following table gives the approximate number of square feet of sheeting neces- 
sary to cover an area of 100 square feet and is based on sheets of standard width, 96 inches long. 
If longer or shorter sheets are used, the number of square feet required will vary accordingly. 


SQUARE FEET OF CORRUGATED SHEETS TO COVER 100 SQUARE FEET. 


End Lap, Inches 


Side Lap 


1 Corrugation 
ef “ . 
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Gutters.—Eave or valley gutters should always be galvanized. Valley gutters should be 
No. 20 gage. Eave gutters and conductors should be No. 22 gage. Gutters should be sloped not 
less than 1 in. in 15 ft. 


WEIGHTS OF EAVE GUTTERS AND ConpuCcTORS OF GALYy. IRON OR STEEL. 


Size and Spacing Wt. per lin. ft. 
WEG EEE of Conductor. No. 22. 


Span of Roof. Size of Gutter. 


up to 50’ 6”, No. 22 1.8 lb. 4 in. every 40’ 0” 1.5 lb. 
50’ to 70! Wil, No. 22 1.9 lb. ‘5 in. every 40’ 0” 2.1 Ibs 
70’ to 100’ 8”, No. 22 2.1 lb. 5 in. every 40’ 0” 2.3 lb. 


Details of conductors and downspouts are given in Fig. 21. 
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or same gage as siding: 


0 to lZ00 


Fic. 21. DrtTaits or ConpucToRS AND Downspouts. AMERICAN BRIDGE COMPANY. 


Purlins.—Details of connections for purlins used for a corrugated steel roof are given in Fig. 
22. 

Cornice.—For details of cornice see the author’s ‘‘ The Design of Steel Mill Buildings.” 

ROOF COVERINGS.—Mill buildings are covered with corrugated steel supported directly 
on the purlins; by slate, tile or cement tile supported by sub-purlins; or by corrugated steel, 
slate, tile, cement tile, shingles, gravel or other composition roof, or some one of the various pat- 
ented roofings supported on sheathing. The sheathing is commonly made of a single thickness 


PURLIN DETAILS FOR CORRUGATED STEEL ROOF. 
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Porlins or girts should extend, where possible, over two ar more Lays with joints 
staggered Where purins act as struts, use clip with four holes - 

Where purlins are punched for nailing strips, space holes about 3/0" spark» Bolt 
purlins to clips and chips to trusses unless otherwise specified: 
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of planks, 1 to 3 inches thick. The planks are sometimes laid in two thicknesses with a layer of 
lime mortar between the layers as a protection against fire. In fireproof buildings the sheathing 
is commonly made of reinforced concrete. Concrete slabs are sometimes used for a roof covering, 
being in that case supported directly by the purlins, and sometimes as a sheathing for a slate or 
tile roof. 

The roofs of smelters, foundries, steel mills, mine structures and similar structures are com- 
monly. covered with corrugated steel. Where the buildings are to be heated or where a more 
substantial roof covering is desired slate, tile, tin or a good grade of composition roofing is used, 
or the roof is made of reinforced concrete. For very cheap and for temporary roofs a cheap com- 
position roofing is commonly used. The following coverings will be described in the order given; 
corrugated steel, slate, tile, tin, and tar and gravel. A slate roof on reinforced concrete sheath- 
ing is shown in Fig. 45 and in Fig. 46. 

CORRUGATED STEEL ROOFING.—Corrugated steel roofing is laid on plank sheathing or 
is supported directly on the purlins. Corrugated steel roofing should be kept well painted with a 
good paint. Where the roofing is exposed to the action of corrosive gases as in the roof of a smelter 
reducing sulphur ores, ordinary red lead or iron oxide paint is practically worthless as a protective 
coating; better results being obtained with graphite and asphalt paints. Tar paint, made by 
mixing tar, Portland cement and kerosene in the proportions of 16 parts of tar, 4 parts of Portland 
cement, and 3 parts of kerosene, by volume, is an excellent protection against corrosive gases in 
smelters and similar structures. Galvanized corrugated steel is quite extensively used. To pre- 
vent the condensation of vapor on the inside of the metal roof, corrugated steel roofing should 
be laid on sheathing or should have anti-condensation lining. 

Corrugated steel sheets covered with an asbestos preparation can now be obtained on the 
market. 

Anti-Condensation Lining.—Anti-condensation lining, shown in Fig. 23, consists of asbestos 
felt supported on wire netting that is stretched tight and supported by the purlins. Anti-con- 
densation lining is put on according to two systems. 


Berlin System, (5) Fig. 23.—(1) Lay galvanized wire netting, No. I9, 2-in. mesh, trans- 
versely to the purlins with edges about 13 in. apart so that when laced together with No. 20 brass 
wire the netting will be stretched smooth and tight. When the purlins are spaced more than 4 ft. 
apart stretch No. 9 galvanized wire across the purlins about 2 ft. centers to hold up the netting. 

(2) On the top of the wire netting place a layer of asbestos paper weighing 14 lb. per square 
of 100 sq. ft., and on this place a layer of asbestos paper weighing 6 lb. per square. All holes in 
the paper must be patched when laid. : 

(3) On top of the asbestos paper lay two thicknesses of Neponset building paper. 

Notie.—The asbestos and building paper should lap 3 in. and break joints 12 in. The corru- 
gated steel is fastened with the usual connections. Use tin washers on corrugated steel bolts 
where there is danger of breaking or tearing the lining. 

Wire netting, No. 19 gage, 2-in. mesh comes in bundles 6 ft. wide and 150 ft. long, containing 
900 sq. ft. Asbestos comes in rolls 36 in. wide and is sold by the pound. No. 20 brass wire is 
bought by the pound, 272 lineal ft. weigh one pound. Neponset building paper comes in rolls 
36 in. wide and 250 ft. or 500 ft. long. Do not cut a roll, Add to per cent for laps of asbestos 
and building paper. 

Minneapolis System, (6) Fig. 23.—(1) Lay wire netting, No. 19, 2-in. mesh, transversely to 
the purlins, with edges 13 in. apart, so that when laced together with No. 20 brass’ wire the netting 
will be stretched smooth and tight. 

(2) On the top of the netting lay asbestos paper weighing 30 Ib. to the square of 100 sq. ft., 
allowing 3 in. for laps. For important work lay one or two thicknesses of building paper on top 
of the asbestos. 

(3) Lay the corrugated steel and fasten to purlins in the usual manner, 

Note.—If wood purlins are used the wire netting may be fastened to the nailing strips with 
fin. staples. Where the purlins are more than 2 ft. 6 in. centers place a line of 3% in. bolts between 
putlins, about 2 ft. centers, with washers I in. X 4 in. X }-in. to prevent netting from sagging. 


SLATE ROOFING.—Roofing slates are usually made from } to } inches thick; 8; inch 
being a very common thickness. Slates vary in size from 6 in. X 12 in. to 24 in. X 44 in.; the 
sizes varying from 6 in. X 12 in. to 12 in. X 18 in. being the most common. 
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Slates are laid like shingles as shown in Fig. 23. The lap most commonly used is 3 inches; 
where less than the minimum pitch of } is used the lap should be increased. The number of slates 
of different sizes required for one square of 100 sq. ft. of roof for a 3-in. lap are given in Table II. 
The weight of slates of the various lengths and thicknesses required for one square of roofing, 
using a 3-in. lap is given in Table III. The weight of slate is about 174 lb. per cu. ft. The weight 
of slate per superficial sq. ft. for different thicknesses is given in Table IV. 


TABLE II. 
NUMBER OF ROOFING SLATES REQUIRED TO LAy ONE SQuaRE or Roor witH 3-IN. Lap. 


Size in Inches. No. of Slate in Size in Inches. No. of Slate in Size in Inches. No. of Slate in 
Square. Square. Square. 


OX 12 8 X 16 277 12 X 20 I4I 
9 X 16 246 14 X 20 
Io X 16 221 Il X 22 
12 X 16 184 12 X 22 


9 X 18 213 14 X 22 
10 X 18 192 12 X 24 
11 X 18 174 14 X 24 
12 X 18 160 16 X 24 


14 X 18 137 14 X 26 
10 X 20 169 16 X 26 
TK 20 154 eta secs 


TABLE III. 
' Tar WEIGHT OF SLATE REQUIRED FOR ONE SQUARE OF ROorF.’ 


Weight in pounds, per square, for the thickness. 
Length in 2 Ee. pee 


Inches. 


' TABLE, LV. 
WEIGHT OF SLATE PER SQUARE Foot. 


Thickness—in........ t is % 3 $ § 4 I 
1.81 Sa 7E 3-62 | 5.43 7.25 9.06 10.87 14.5 


Weight—Ib.......... 

The minimum pitch recommended for a slate roof is }; but even with steeper slopes the rain 
and snow may be driven under the edges of the slates by the wind. This can be prevented by 
laying the slates in slater’s cement. (Cemented joints should always be used around eaves, ridges 
and chimneys. 

Slates are commonly laid on plank sheathing. The sheathing should be strong enough to 
prevent deflections that will break the slate, and should be tongued or grooved, or shiplapped, and 
dressed on the upper surface. Concrete sheathing reinforced with wire mesh, expanded metal 
or rods is now being used quite extensively for slate and tile roofs, and makes a fireproof roof, see 
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Fig. 46. Tar roofing felt laid between the slates and the sheathing assists materially in making 
the roof waterproof, and prevents breakage when the roof is walked on. The use of rubber-soled 

’ shoes by the workmen will materially reduce the breakage caused by walking on the roof. Roof- 
ing slates may also be supported directly on sub-purlins. The details of this method are practically 
the same as for tile roofing, which see. 

When roofing slates are laid on sheathing they are fastened by two nails, one in each upper 
corner, Fig. 23. When supported, directly on sub-purlins the slates are fastened by copper or 
composition wire. Galvanized and tinned steel nails, copper, composition and zinc slate roofing 

nails are used. Where the roof is to be exposed to corrosive gases copper, composition or zinc 
nails should be used. 

TILE ROOFING.—Baked clay or terra-cotta roofing tiles are made in many forms and 
sizes. Plain roofing tiles are usually 10} in. long, 6} in. wide and § in. thick; weigh from 2 to 
2} lb. each and lay one-half to the weather. There are many other forms of tile among which 
book tile, Spanish tile, pan tile and Ludowici tile are well known. Tiles are also made of glass 
and are used in the place of skylights. 

Tiles may be laid (1) on plank sheathing, (2) on reinforced concrete sheathing, or (3) may be 
supported directly or angle sub-purlins as,shown in Fig. 13. Tiles are laid on sheathing in the 
same manner as slates. 

The roof shown in Fig. 13 was constructed as follows: Terra-cotta tiles, manufactured by 
the Ludowici Roofing Tile Co., Chicago, Ill., were laid directly on the angle sub-purlins, every 
fourth tile being secured to the angle sub-purlins by a piece of copper wire. The tiles were inter- 
locking, requiring no cement except in exceptional cases. The tiles were 9 X 16 in. in size; 135 
being sufficient to lay a square of 100 sq. ft. of roof. These tiles weigh from 750 to 800 lb. per 
square, and cost about $6.00 per square at the factory. Skylights in this roof were made by 
substituting glass tiles for the terra-cotta tiles. This and similar tile have been used in this man- 
ner on a large number of mills and train sheds with excellent results. 

Tile roofs laid without sheathing do not ordinarily condense the steam on the inner surface 
of the roof unless the tiles are glazed, although several cases have been brought to the author’s 
attention where the condensation has caused trouble with tile roofs made of porous tiles. Anti- 
condensation roof lining should be used where there is danger of excessive sweating, or a porous 
tile should be used that is known to be non-sweating. 

TIN ROOFING.—Two sizes of tin plates are in common use, 14 in. X 20 in. and 20 in. X 28 
in., the latter size being most used. Tin sheets are made in several thicknesses, the IC, or No. 29 
gage weighing 8 ounces to the sq. ft., and the IX, or No. 27 gage weighing 10 ounces to the sq. ft., 
being the most used. The standard weight of a box of 112 sheets, 14 X 20 size is 108 lb. for IC 
plate, and 136 lb. for IX plate. Boxes containing imperfect sheets or ‘‘ wasters”’ are marked 
ICW or IXW. Every sheet should be stamped with the name of the brand and the thickness. 
The value of tin roofing depends upon the amount of tin used in coating and the uniformity with 
which the iron has been coated. The amount of tin used varies from 8 to 47 lb. for a box of 20 X 28 
size containing 112 sheets. 

Tin roofing is laid (1) with a flat seam, or (2) with a standing seam. In the former method 
the sheets of tin are locked into each other at the edges, the seam is flattened and fastened with 
tin cleats or is nailed firmly and is soldered water tight. Rosin is the best flux for soldering, al- 
though some tinners recommend the use of diluted chloride of zinc. For flat roofs the tin should 
be locked and soldered at all joints, and should be secured by tin cleats and not by nails. For 
steep’ roofs the tin is commonly put on with standing seams, not soldered, running with the pitch 
-of the roof, and with cross-seams double locked and soldered. One or two layers of tar paper 
should be placed between the sheathing and the tin. 

The under side, of the sheets should be painted before laying. Tin roofs should be painted 
every two or three years. If kept well painted a tin roof should last 25 to 30 years. 

For flat seam roofing, using 3 in. locks, a box of 14 X 20 tin will cover 192 sq. ft., and for 
standing seam, using # in. locks and turning 1} and 13 in. edges, making 1 in. standing seams, 
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it will lay 168 sq. ft. For flat seam roofing, using 3 in. locks, a box of 20 X 28 tin will lay about 
399 sq. ft., and for standing seam, using # in. locks and turning 1} and 14 in. edges, making 1 in, 
standing seams, it will lay about 365 sq. ft. 

TAR AND GRAVEL ROOF.—Tar and gravel roofs are called three-, four-, five-ply, etc., 
depending upon the number of layers of roofing felt. Tar and gravel roofs may be laid upon timber 
sheathing or upon concrete slabs. For details of a tar and gravel roof see Fig. 23. The following 
specifications are taken from the author’s “ Specifications for,Steel Frame Buildings.”’ 


Specifications for Five-Ply Tar and Gravel Roof on Timber Sheathing.—The materials used 
in making the roof are 1 (one) thickness of gheathing paper or unsaturated felt, 5 (five) thick- 
nesses of saturated felt weighing not less than 15 (fifteen) lb. per square of one hundred (100) 
sq. ft., single thickness, and not less than one hundred and twenty (120) lb. of pitch; and not 
less than four hundred (400) lb. of gravel or three hundred (300) Ib. of slag from } to in. in size, 
free from dirt, per square of one hundred (100) sq. ft. of completed roof. 

The material shall be applied as follows: First, lay the sheathing or unsaturated felt, lapping 
each sheet one in. over the preceding one. Second, lay. two (2) thicknesses of tarred felt, lapping 
each sheet seventeen (17) in. over the preceding one, nailing as often as may be necessary to 
hold the sheets in place until the remaining felt is applied. Third, coat the entire surface of this 
two-ply layer with hot pitch, mopping on uniformly. Fourth, apply three (3) thicknesses of felt, 
lapping each sheet twenty-two (22) in. over the preceding one, mopping with hot pitch the full 
width of the 22 in. between the plies, so that in no case shall felt touch felt. Such nailing as is 
necessary shall be done so that all nails will be covered by not less than two plies of felt; fifth, 
spread over the entire surface of the roof a uniform coating of pitch, into which, while hot, imbed 
the gravel or slag. The gravel or slag in all cases must be dry. 

Specifications for Five-Ply Tar and Gravel Roof on Concrete Sheathing.—The materials 
used shall be the same as for tar and gravel roof on timber sheathing, except that the one thick- 
ness of sheathing paper or unsaturated felt may be omitted. 

The materials shall be applied as follows: First, coat the concrete with hot pitch, mopped 
on uniformly. Second, lay two (2) thicknesses of tarred felt, lapping each sheet seventeen (17) 
in. over the preceding one, and mop with hot pitch the full width of the 17-in. lap, so that in no 
case shall felt touch felt. Third, coat the entire surface with hot pitch, mopped on uniformly. 
Fourth, lay three (3) thicknesses of felt, lapping each sheet twenty-two (22) in. over the preceding 
one, mopping with hot pitch the full width of the 22-in. lap between the plies, so that in no case 
shall felt touch felt. Fifth, spread the entire surface of the roof with a uniform coat of pitch, 
into which, while hot, imbed gravel or slag. 


Cost of Five-Ply Tar and Gravel Roofing.*—The cost of a round house roof in the middle 
west, based on 1912 prices and containing 500 squares of five-ply tar and gravel roofing, was as 


follows. 
Cost per square of 100 sq. ft. not including fixed charges or profit, not including sheathing, 


Sheathing paper, 5: [bse se ccctaurs sci sig wisi adas seen loo ie eects ie ee $0.12 
Pitch, 155, lbyat,_ 60 cents, pererOO NDs cya. cists airleiniel) sajers Sele alt cre os eee ee 0.93 
Felt,:85:lb.at.$1,65 per 200]. esses ore tee steaks ek ae ee 1.40 
Nails.and, Capsic. Ap catinaien saistormtae Gis elo leeaas ey. 0 eee af) halt ee eee ieee 0.05 
Gleats: for fashimgss he ossis.0,3 00s taeaetetreeatiae asin a aiootas eee Sia\ Svante ae Smee 0.05 
Gravel (about one-seventh yard). ove. a «+ cise onisnlsieyeie! heise) oie ieee eras +23 
Labor, including hauling, board and railroad fare............600..0eseecee- ee I.15 

‘Total. cost. per square 5, <snc.<-,asaeeralovens: «nce she oe te terisnel tole eee $3.93 


SHOP FLOORS.—Floors for industrial plants may be placed on a foundation resting directly 
on the ground or may be self supporting. Several examples of shop floors that rest on the ground 
are shown in Fig. 25. Standard specifications for a cement floor and for a wood floor ona tar 
concrete base follow. 

The following specifications are from the author's “ Specifications for Steel Frame Buildings.” 

Specifications for Cement Floor on a Concrete Base.. Materials——The cement used shall 
be first-class Portland cement, and shall pass the standards of the American Society for Testing 


Materials. The sand for the top finish shall be clean and sharp and shall be retained on a No. 30 
sieve and shall have passed the No. 20 sieve. Broken stone for the top finish shall pass a 4 in. 


* Am. Ry. Eng. Assoc., Vol. 14, p. 852. 
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screen and shall be retained on the-No. 20 screen. Dust shall be excluded. The sand for the 
base shall be clean and sharp. The aggregate for the base shall be of broken stone or gravel and 
shall pass a 2 in. ring. 

Base.—On a thoroughly tamped and compacted subgrade the concrete for the base shall be 
laid and thoroughly tamped. The base shall not be less than 2} in. thick. Concrete for the 
base shall be thoroughly mixed with sufficient water so that some tamping is required to bring 
the moisture to the surface. If old concrete is used for the base the surface shall be roughened 
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and thoroughly cleaned so that the new mortar will adhere. The roughened surface of old con- 
crete shall then be thoroughly wet so that the base will not draw water from the finish when the 
Jatter is applied. Before scrubbing the base with grout the excess water shall be removed. 
Finish._With old concrete the surface of the base shall first be scrubbed with a thin grout 
of pure cement, rubbed in with a broom. On top of this, before the thin coat is set, a coat of 


finish mixed in the proportions of one part Portland cement, one part stone broken to pass a 3 in. 
ring, and one part sand shall be troweled on using as much pressure as possible, so that it will 
take a firm bond. After the finish has been applied to the desired thickness it should be screeded 


and floated to a true surface. Between the time of initial and final set it shall be finished by 
4 


\ 
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skilled workmen with steel trowels and shall be worked to a final surface. Under no condition 
shall a dryer be used, nor shall water be added to make the material work easily. 

Specifications for Wood Floor on a Tar Concrete Base. Floor Sleepers.—Sleepers for 
carrying the timber floor shall be 3 in. X 3 in. placed 18 in. c. toc. After the subgrade has been 
thoroughly tamped and rolled to an elevation of 43 in. below the tops of the sleepers, the sleepers 
shall be placed in position and supported on stakes driven in the subgrade. Before depositing 
the tar concrete the sleepers must be brought to a true level. 

Tar Concrete Base.—The tar concrete base shall be not less than 4% in. thick and shall be 
laid as follows: First, a layer three (3) in. thick of coarse, screened gravel thoroughly mixed with 
tar, and tamped to a hard level surface. Second, on this bed spread a top dressing 14 in. thick 
of sand heated and thoroughly mixed with coal tar pitch, in the proportions of one (1) part pitch 
to three (3) parts tar. The gravel, sand and tar shall be heated to from 200 to 300 degrees F., 
and shall be thoroughly mixed and carefully tamped into place. ps 

Plank Sub-Floor.—The floor plank shall be of sound hemlock or pine not less than 2 in. 
thick, planed on one side and one edge to an even thickness and width. The floor plank is to be 
toe-nailed with 4 in. wire nails. 

Finished Flooring.—The finished flooring is to be of maple of tlear stock, 7 in. finished thick- 
ness, thoroughly air and kiln dried and not over 4in. wide. The flooring is to be planed to an even 
thickness, the edges jointed, and the underside channeled or ploughed. The finished floor is to 
be laid at right angles to the sub-floor, and each board neatly fitted at the ends, breaking joints 
at random. The floor is to be final nailed with 10 d. or 3 in. wire nails, nailed in diagonal rows 
16 in. apart across the boards, with two (2) nails in each row in every board. The floor to be 
finished off perfectly smooth on completion. 

The finished flooring is not to be taken into the building or laid until the tar concrete base 
and sub-plank floor are thoroughly dried. 
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Shop floors above ground may be made of timber resting on beams, of brick arch construc- 
tion, (a) Fig. 26, of concrete with corrugated steel arch centers as shown in (0), of reinforced con- 
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crete as shown in (c) and (d), of steel filled with concrete as shown in (e), (f), (g), (2), or of 
concrete reinforced with Buckeye flooring as shown in (z) or Multiplex flooring as shown in (j). 

Timber Floors.—The Yellow Pine Manufacturers Association has calculated the safe 
span of yellow pine when used for mill floors with fiber stresses of 1,200 to 1,800 lb. per sq. in. 
for live loads of 100 to 300 lb. per sq. ft. in addition to the weight of the floor, Table V. In the 
line marked “‘ Deflection ”’ is given the span which has a maximum deflection of one thirtieth of 
an inch per foot of span for the various live loads. The modulus of elasticity of timber was taken 
as 1,684,800 Ib. per sq. in. The table may be used for any kind of timber by using the proper 
working stress. The maximum spans for fiber stresses less than 1,200 Ib. per sq. in. may be found 
as follows: Required the maximum safe span for a timber floor 2$ in. thick for a fiber stress of 
800 Ib. per sq. in. and a live load of 150 lb. per sq. ft. The span is approximately the same as for 
a fiber stress of 1,200 Ib. per sq. in. and a live load of 225 Ib. per sq. ft., = 6 ft. 11 in.; or fora 
fiber stress of 1,600 lb. per sq. in. and a live load of 300 Ib. per sq. ft., = 6 ft. 11 in. 


TABLE V. 


ALLOWABLE SPAN FOR TIMBER FLOoors. 
YELLOW PINE MANUFACTURERS ASSOCIATION. 


SPAN IN FEET. 
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Waterproofing.—For methods of waterproofing floors, walls, etc., see methods of waterproofing 
bridge floors in Chapter IV. 
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QUALITY OF GLASS 


“B” American Single Strength ‘B American Double Strength 
Jo" 12" | 12" 12" | 10" 1A" |_l2"* 14" \\ 10"*16" | 12"* 16" | 14" 16" 


All sash to be 12" thick, except Sia ing . Sash, Piyoted Sash, and Jingle Sash (or one 
Galf of Double Sash) exceeding ah 6 high or 40" ‘wide, which should be made 12" thick- 

Top Rails 24° Stiles 2£"- Bottom Rail 3"* Muntins 2". 

Pivoted Sash, 4 lights high or over, €o have one Horizontal Muntin [3 thick ; all 
other Sash, 6 lights high or over, bo ae one Horizontal Muntin Is “thick « 

Pivoted ‘Sach, 4 lights wide or over, to have one Vertical Muntin 3" thick; all 
other Sash, 6 lights wide or over, to hate one Vertical Muntin I$" thick+ 

For Pivoted Sash 4nd 5 |h lights high or wide, add Iz"to Figures given in above tables- 
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WINDOWS AND SKY LIGHTS.—Mill and mine buildings should have an ample amount 
of glazing in the form of windows and sky lights. Plane glass is made in two thicknesses, single 
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strength approximately 7, in. thick, and double strength approximatley % in. thick. Plane 
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glass is graded as AA, A, and B. The AA grade being the best and the B grade the poorest. 


Wire glass is 3%; in. or 
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in. thick and may be obtained with a smooth surface, with factory mbs 


or prisms. For ordinary windows double strength glass gives very satisfactory results. For 
sky lights and where windows are liable to be broken, wire glass should be used. The best 
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DATA For SPACING BETWEEN STEEL WINDOW POSTS: 
for Fixed, Pivoted and Counterbslanced Windows+ 
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FIXED SASH WITH MONITORS. 41 


glass for glazing windows in industrial plants is “ factory ribbed glass” with twenty-one ribs to 
the inch, the-ribs being placed on the inside of the window. This glass is considerably more ex- 
pensive than plane glass but is much more satisfactory. 

Translucent fabric made by imbedding wire cloth in a translucent material made of linseed 
oil, is also used for glazing in industrial buildings. Translucent fabric will be charred by a live 
coal but is practically fire-proof. It shuts off part of the light, making it possible for men to work 
under it without shading. 
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The amount of glazed surface required in mill buildings depends upon the use to which the 
building is put, the material used in glazing, the location and the angle of the windows and sky 
lights, and the clearness of the atmosphere. It is common to specify that not less than 10 per 
cent of the exterior surface of mill buildings and 25 per cent of the exterior surface of machine 
shops should be glazed. Many industrial plants have as much as 60 per cent of the exterior 
walls of glass. 
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Details of glazed sash and window frames as adopted by the American: Bridge Company 
are given in Fig. 27 to Fig. 34. 

VENTILATORS.—Mill buildings may be ventilated by means of monitor ventilators, or by 
means of circular ventilators. Details of a circular ventilator as designed by the American Bridge 
Company are shown in (3) Fig. 23. Details of a standard monitor steel louvre ventilator are 
shown in Fig. 35. The sides of the monitor ventilator in Fig. 42 were fitted with louvres which 
were to be closed in cold weather. Buildings of this type should have glazed sash so that when 
the ventilators are closed the light will not be cut off. Data for estimating louvre slats are given 
in Fig. 20. 
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WOODEN DOORS.—Wooden doors are usually constructed of matched pine sheathing 
nailed to a wooden frame as shown in Fig. 36. These doors are made of white pine. Doors up 
to four feet in width should be swung on hinges; wider doors should be made to slide on an over- 
head track or should be counter-balanced and raise vertically. Sliding doors should be-at least 
4 in. wider and 2 in. higher than the clear opening. 
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“Sandwich ”’ doors are made by covering a wooden frame with flat or corrugated steel. 
The wooden framework of these doors is commonly made of two or more thicknesses of { in. 
dressed and matched white pine sheathing not over 4 in. wide, laid diagonally and nailed with 
clinch nails. Care mus®be used in handling sandwich doors made as above or they will warp 
out of shape. Corrugated steel with 1} in. corrugations makes the neatest covering for sandwich 
doors. 

For swing doors use hinges about as follows: For doors 3 ft. X 6 ft. or less use I0 in. strap or 
10 in. T-hinges; for doors 3 ft. X 6 ft. to 3 ft. X 8 ft. use 16 in. strap or 16 in. T-hinges; for doors 
3 ft. X 8 ft. to 4 ft. X 10 ft. use 24 in. strap hinges. 

STEEL DOORS.—Details of a steel sliding door are shown in Fig. 37. Details of a swing- 
ing steel door are shown in Fig. 38. Steel doors should be covered with corrugated steel, prefer- 
ably with 1} in. corrugations. 

Details of the track for a sliding door are shown in Fig. 39. 

EXAMPLES OF STEEL MILL BUILDINGS.—The following examples will illustrate the 
practice in the design of steel mill buildings. 

Example of Ketchum’s Modified Saw Tooth Roof.—The modified form of saw tooth 
roof shown in (n) Fig. 6, was proposed by the author in the first edition of ‘‘ The Design 
of Steel Mill Buildings ”’ (1903). This form of saw tooth roof has been used in the paint 
shops of the Plank Road Shops of the Public Service Corporation of New Jersey, Newark, N. J. 
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The building proper is 135 ft. wide by 354 ft. long. The main trusses are of the modified saw 
tooth type with 44 ft. spans and a rise of 3, and are spaced 16 ft. centers. The genera! details of 
one of the main trusses are shown in Fig. 40. The building has an independent steel framing with 
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brick curtain walls on the exterior. Pilasters 24 in. by 20 in. are placed 16 ft. apart under the ends- 
of the trusses, the intermediate curtain walls being 12 in. thick. The roof isa 5 ply slag roof laid 
on tongued and grooved spruce sheathing, whichis spiked to 2 in. X 5 in. spiking strips, which are 
bolted to 8 in. channel purlins spaced 6 ft. centers. 
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A Steel Transformer Building.—The framework of a steel frame transformer building is shown 
in Fig. 41 and Fig. 42. The trusses are Fink trusses with the members made of angles placed 
back to back. The main columns carrying the roof trusses are made of four angles laced, the 


Ley ean 
ee at 
a fot 
eel 
O86 
——— oe is iy 
nat 
gee | 
et 
ak 
qe 8 
a 
t 
Cie | 
co) ey 
SI ' 
Qo 
| 
i} 
1 


ve. 


ee 
5LT Laced 


Girts £E@S, 
42; 


Fost F 3s 


al 
* 
46 


TIERS EES y 
"-7°T@/5 "Crane Beam?’ 


£58525 


it 
Rivets Z ‘ 
yi 
Holes 7g ¥ s 


20 ee 


aretatele Sere ce ete 


f-----~ 


te ata UC r ee Se my Zoo ae Nad eae 
Lily Saat See COLO re ee ee ee ee ee ae 
SECTION 


LO" yy HO" 3 
1 
i 


were —-4-- < -- = 
oe — 
1 
1 


WGLOE oS 


oe Ree ee OOOm 
Dap ie 
A 
i 


Tl @s* 
iS 
_ Be 
‘| 
af 
a 
IN 


“Lind Patter T'L@92 


BRACING IN PLANE OF BOTTOM CHORD BRACING IN PLANE OF Toe CHORD 


Fic. 41. 


PLANS OF A TRANSFORMER BUILDING. 


section being I-shaped, each flange being composed of two angles placed back to back with the 
long legs outstanding, and the web consisting of lacing. The columns in the end of the building 
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are 4 in. channels @ 5} 1b. The purlins are spaced less than 4 ft. 9 in., which is a maximum spac- 
ing where corrugated steel roofing is used without sheathing. The steel framework is braced in 
the plane of the top chord and the sides and ends of the building by means of diagonal rods # in, 
in diameter. The crane girder beams in the plane of the lower chord brace the building longi- 
tudinally, the diagonal bracing being composed of angles. 
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Corrugated Steel Covering.—The plans for the corrugated steel covering on the roof and sides 
are shown in Fig. 43 and Fig. 44. The corrugated steel for the roof is No. 22 gage steel with 2} 
in. corrugations, while the corrugated steel for the sides is No. 24 gage steel with 23 in. corrugations. 


The flashing and ridge roll are made of No. 22 flat sheet steel. 
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To prevent the condensation of moisture on the inside of the steel roof and the resulting 
dripping, anti-condensation lining was used, as is shown in Fig. 44. This lining was constructed as 
follows: Galvanized wire poultry netting was fastened to one eave purlin, was passed over the ridge, 
stretched tight and fastened to the other eave purlin. The edges of the wire were woven together 
by means of wire clips. On the wire netting was laid two layers of asbestos paper 7¢ in. thick, 
and on top of the asbestos was laid two layers of tar paper. The corrugated steel was then laid on 
top of the roof in the usual way and was fastened to the purlins by means of long soft iron wire 
nails spaced as shown in Fig. 44. To prevent the lining from sagging stove bolts 3% in. in diam- 
eter with I in. X 3 in. X 4 in. flat washers on the lower side were placed between the purlins. 
The author would recommend that the purlins be spaced not to exceed 2 ft. 6 in. and the stove 
bolts omitted. 
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Fic. 45. STEEL FRAME BUILDING WITH PLASTER WALLS. 


Steel Frame Building with Plaster Walls.—The steel frame building shown in Fig. 45 was 
covered with expanded metal and plaster walls and roof constructed as follows: The side walls 
were made by fastening ? in. channels at 12 in. centers to the steel framework and then covering 
this framework with expanded metal wired on. The expanded metal was then covered on the 
outside with a coating of cement mortar composed of one part Portland cement and two parts 
sand, and on the inside with a gypsum plaster, making the walls about 2 in. thick. . The roof con- 
sists of a 23 in. concrete slab reinforced with expanded metal, this slab being covered with 10 in. X 
‘12 in. slate nailed directly to the concrete. 

Steam Engineering Building.—Details of a transverse bent of the steam engineering building 
at the Brooklyn Navy Yard are given in Fig. 46. 

The main columns are spaced 48 ft. centers while the main trusses are spaced 16 ft. centers. 
The intermediate trusses are carried on heavy trusses rigidly fastened to the main columns. The 
crane girders are carried on crane columns that are fastened to the main columns by light lacing. 
This method of supporting heavy crane girders is the most satisfactory method yet proposed. 
The building is well lighted with glass in the side walls, and sky lights in the roof. More than 60 
per cent of the area of the external walls and roof is glazed. Many other interesting details can 
be obtained from the drawings. 


54 STEEL ROOF TRUSSES AND MILL BUILDINGS. Cuap. I. 


Sith lp ee 
7 


Bxd Frame, 
ae Iron Anz <i[= 


ge fae Pa 
Vert. Lacing” 


‘ Movable” 
bid 'Z Bar 


=as! ——— 
is TC "PE Sxoxg “EB PE “A; 
a ‘ 


oN a Balsa 


eC 205 lbs. 


x F S 
Sal Wiss FR 
bi ae 
PEIN 
at ares 


WAYS ee es a a = 
Vy) \ 


ISS 


ATT Oro Dy gis Soto ee, 
MEE EEL, 


Fic. 46. STEAM ENGINEERING BUILDING, BROOKLYN Navy YARD. 
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Fic, 47. TYPES OF STEEL WINDOws. 


54b STEEL ROOF TRUSSES AND MILL BUILDINGS. Cuap. I, 


_ STEEL WINDOWS.—Windows with steel sash and steel frames are now used in fireproof 
buildings and are generally used in all industrial buildings. The windows are generally glazed 
with wire glass tin. thick. Window sash may be fixed, or may be opened by swinging, or by sliding 
horizontally or vertically. 
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Fic. 48. STANDARD DETAILS | FOR STEEL SASH. 

In Fig. 47, (a) to (g) inclusive, are windows with fixed sash with ventilators in different posi- 
tions; (h) is a window with horizontal sliding sash; (i) is a window with a sash which swings out- 
ward; (j) is a window with counterbalanced sash; (k) is a window with a fixed sash and a swinging 
ventilator; (1) is a window with a swinging sash; while (m) is a window with swinging sash with 
weather strips to prevent the storm from beating into the building. 

Steel sash are made by many different firms. While the main dimensions of the windows 
made by the different firms are practically standard, each firm uses different rolled-steel sections, 
different details and different operating devices. 

Standard dimensions for steel sash are given in Fig. 48. It should be noted that more steel 
is used with small sizes of glass than with large sizes, and that sash with small sizes of glass are 
therefore stronger than sash with large sizes. The maximum sizes of sash given in Fig. 48 are for 
glass 14 in. by 20 in, For glass 10 in. by 16 in. the maximum sizes may be increased 15 per cent; 
while for glass 18 in. by 24 in. the maximum sizes should be reduced by 15 per cent, and propor- 
tional for intermediate sizes of glass. The glass are fastened with clips and are glazed with special 
putty, on the inside of the sash, 
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Details of window sash as taken from the catalogs of the “ Fenestra ’ windows, made by the 
Detroit Steel Products Company, Detroit, Mich.; the “ Lupton” windows, made by the David 
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; Fic. 53. DETAILS OF STEEL SASH. 
( (f) is “Lupton,” (g) is ‘‘ United Steel Sash,’’ and (h) is ‘‘Fenestra ”’ 


Lupton Son Company, Philadelphia, and United Steel Sash’” made by the Trussed Concrete 
Steel Co., Youngstown, Ohio, are shown in Fig. 49 to Fig. 52. While each company uses different 
rolled sections the details are essentially the same and may be used interchangeably as far as the 
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designing engineer is concerned. Details of counterbalanced sash, are shown in (a) to (c) and 
details of a horizontal sliding sash are shown in (d) and (e), Fig. 53. The details of the sections 
used by the different firms may be determined by observing that in Fig. 53 (f) is “ Lupton’’ (g) 
is ‘‘ United Steel Sash,” and (h) is ‘‘Fenestra.”” Details of construction, and details of operating 
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Fic. 54. Dertaits oF ‘UNITED STEEL SASH’’ VENTILATORS AND SKYLIGHTS. 


devices and hardware can be obtained from the various catalogs. Details of ‘“‘ United Steel Sash” 
monitor ventilators and skylights are shown in Fig. 54. Details of ‘‘Lupton’’ monitor ventilators 
and skylights are shown in Fig. 55. The details shown in Fig. 54 and Fig. 55 are very complete. 
For address of other companies manufacturing steel windows, see Sweet’s ‘‘ Architectural Catalog” 


published by Sweet's Catalog Service, New York. x 


STEEL DOORS.—Steel doors built up out of special steel sections are made by several firms. 
Details of ‘‘Lupton’’ tubular steel doors manufactured by David Lupton Sons Company, 
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Philadelphia, Pa., are shown in Fig. 56. These doors are hinged to swing one way or slide horizon- 
tally. The lower part of the door is filled with No. 12 gage steel, while the upper part is commonly 
filled with wire glass set in steel sash and steel frames. ‘‘Lupton’’ doors have the frames welded. 

Details of ‘‘Fenestra”’ tubular steel doors made by the Detroit Steel Products Company, 
Detroit, Mich., are shown in Fig. 57. The doors are hinged to swing one way, or slide horizontally. 
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Special tubular sliding doors can be made 10 ft. wide and 25 ft. high, or with double doors for an 
opening 20 ft. wide and 25 ft. high. “‘Penestra’’ doors have the frames riveted. Steel doors are 
also made by the Trussed Steel Concrete Company. 

Diagrammatic sketches of several types of doors are shown in Fig. 58. These sketches repre- 
sent different types of doors shown in the catalog of J. Edward Ogden Co., New York, N.Y. This 
company is prepared to furnish door hardware and mechanical parts of the doors shown, or will 
supply the doors complete, The following data have been taken from the Ogden catalog. 
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Two-section Doors.—Doors may be made of wood frame with a sheet-steel covering, or with a 
steel frame with a sheet-steel covering; the upper section may be glazed with } in. wire glass set in 
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Single-Section Doors.—Doors may be made with wood frames or with steel frames. 
of a door 27 ft. 9 in. wide and 19 ft. 6 in high are shown. 


Details of doors 20 ft. wide and 22 ft. high are shown as constructed with wood 
Counterweights are commonly made equal to one-half the 
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Multi-Section Door.—This door is especially adapted for locations where there is little ceiling 
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Turn-Over Door.—This door is used for small openings. 


being operated by hand. 


Canopy Door.—This door protects the entrance when open. 
This is a modification of the single-section door, 
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min ey a F en Camas LRT Se Meher Spite, and 1!z for gpitche 
Weight [3ib,/ag.Ft. |S! a WoTHS OF BUILDING FOR STANDARDIMLE ROOF 

ae | y Te } “a 
pigt ig _ Le Borkess coc. Sanda 5) Cu ammer Puri FoR PyROBAR TLEROOFS 
ke aK 


- > Thickness 3; Walls, Air Space lz. a Ce eee 
4 Z tal Load 50(b,/sg.Ft. including Height of Roar 
REINFORCED OYPSUM ROOF TILE. CEMENT HOLLOW FLAT SLAB 3 eee Fuss Satine 


re 2G)" i : 
Bar Rafters (op? BE 
Total load 501b/sq.Ft.. nallig sa 
Z i GE 


Fic. 61. Data FoR FEDERAL CEMENT TILE (UPPER PART), AND DATA FOR PyROBAR GYPSUM 
TILE (LOWER PART). 


Single-Leaf Vertical-Sliding Door.—These doors require adequate headroom. Details of a 
door 8 ft. wide and 8 ft. high are shown. These doors are often placed in pairs, where one counter- 
weight and one winch will serve for both doors. 

Double-Leaf Vertical-Sliding Doors.—The two sections of these doors are equipped with sep- 
arate guides and are operated separately. Details of a door 20 ft. wide and 18 ft. high are shown. 

Crane Runway Doors.—These doors may swing inward or outward. The doors may be 
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operated by the crane operator or from the floor. Additional doors should be provided for the 
load, and for the crane cage where necessary. Folding and sliding doors are also made by the 
Kinnear Manufacturing Company, Columbus, Ohio. 


Rolling Steel Doors.—Rolling steel doors are made by several firms. The J. G. Wilson 
Corporation, New York, manufactures rolling steel doors that may be operated by hand with 
widths of 3 ft. to 6 ft. and heights of 6 ft. to 14 ft.; widths of 6 ft. to 10 ft. and heights of 13 ft. 
to 17 ft.; widths of ro ft. to 15 ft., and heights of 13 ft. to 15 ft. Doors operated by gear have 
heights up to 21 ft. and widths up to 20 ft. The Kinnear Manufacturing Co., Columbus, Ohio, 
manufactures rolling steel doors with widths of 3 ft. to 20 ft., and heights of 6 ft. to 18 ft. For 
additional details and the names and addresses of other manufacturers of steel doors, see Sweet’s 
Architectural Catalog, published by Sweet’s Catalog Service, New York, N. Y. 


CEMENT ROOFING TILE.—Cement tile are made of Portland cement and clean, sharp 
sand and are reinforced with steel rods. 

Data for “Bonanza”’ cement tile, manufactured by the American Cement Tile Mfg. Co., 
Pittsburgh, Pa., are given in Fig. 59. The exposed surface of the tile is Indian red in color, while 
the underside has a cement finish. The least desirable slope of roof is a pitch of one-fifth. Data 
for Federal Cement tile, manufactured by the Federal Cement Tile Co., Chicago, Ill., are given in 
Fig. 60, and in the upper part of Fig. 61. Cement roofing tile have been very extensively used for 
industrial plants. The cement tile have the following advantages: (a) are fire resisting; (b) 
require very simple roof construction; (c) require no sheathing; (d) are non-conductors, (e) may 
be erected rapidly; (f) the first cost is low for a permanent type of roof; (g) maintenance is low. | 

Gypsum Roofing Tile—Gypsum roofing tile made by the United States Gypsum 
Company, Chicago, are sold under the trade name of Pyrobar Gypsum Roof Tile. The tile 
are 12 in. wide and 30 in. long, and weigh 13 lb. persq. ft. Data taken from the catalog for rafters 
and purlins for Pyrobar Gypsum Roof Tile are given in the lower part of Fig. 61. Gypsum roof 
tile have recently been used on buildings for the Navy Department at Norfolk, Va. The follow-, 
ing advantages of gypsum roof slabs were given by L. M. Cox, U.S. N., Engineering News, Jan. 
25, 1917. (a) Light weight; (b) rapid construction; (c) roof slab is non-conductor and non-con- 
densing; (d) is fire resisting; (e) shows few cracks; (f) low cost of maintenance. Gypsum roofing 
tile are made by several firms, and are also made at the building site. 

STRESSES IN MILL BUILDING COLUMNS CARRYING CRANE LOADS.—The stresses 
produced in columns of mill buildings by crane loads eccentrically applied depend upon the method 
used in bracing the structure against lateral forces. If the kneebraces are omitted or only very 
small kneebraces are used, the columns are practically hinged at the top and the lateral thrust due 
to the eccentric crane loads must be carried to the ends of the building by the lateral bracing in the 
planes of the chords of the trusses. Proper bracing must then be provided in the end bents. 

If rigid kneebraces are provided the columns may be considered as fixed at the top and a 
transverse bent may be considered as carrying its load directly to the foundations. The lateral 
load will in reality be distributed between the direct path down the columns and the indirect path 
along the lateral bracing in the planes of the chords to the end bents. The portion carried by each 
route will depend upon the relative rigidity of the routes. Since the transverse bent is much more 
rigid than the lateral bracing, all of the load may be considered as carried by the transverse bent. 

In Fig. 62 three cases are considered. 

Case I. Columns Hinged at Base and Top.—This case is statically determinate. The 
lateral thrust is taken by the bracing in the plane of the chords and by the bracing in the end bents. 

Case II. Columns Hinged at Base and Fixed at Top.—Columns with constant cross-section.— 
The formulas for rigid frames were used, making the ratio of the moment of inertia of the truss to 
the moment of inertia of the column equal to infinity. The formula is sufficiently accurate when 
this ratio becomes as small as four, and is on the safe side. The distance / is measured to a point 
one-half way between the foot of the knee-brace and the top of the column. 

Case III. Columns Hinged at the Base and Fixed at Top. Columns with variable cross- 
sections.—In this case the column has a different cross-section above and below the attachment 
nf the crane girder, The formulas for rigid frames were used, making the ratio of the moment of 
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inertia of the truss to the moment of inertia of the column equal to infinity. The formula is 
sufficiently accurate with a ratio of four and is on the safe side. 


Case IV. Columns Fixed at Base and Fixed at Top.—Formulas for Case II and Case III 
may be used, the value of # being taken as the distance from the point of contraflexure to a point 
midway between the foot of the kneebrace and the top of the column. The point of contraflexure 
may be calculated by formula (4), page 556. 


Stresses in Rigid Frames.—Formulas for stresses in rigid frames with pin-connected 
columns, for different loadings are given in Fig. 63. Formulas for the general case are given 
in the second column, while formulas for special cases are given in the third column. The 
formulas are very much simplified where the columns and the top girder have the same moment 
of inertia. 


CASE! ColtunNns HINGED AT BASE AND JOP. CONSTANT OR VARIABLE CROSS-SECTION. 


f LaA 2 
| AG PP af 
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AzH22 Hdpere fd Hel) 
c= Ef +L 
Moment of Inertia 
above bracket =, 
below bracket =L, 
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GENERAL CASE 
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STANDARD LAG ScREWws, Hook BoLts AND WASHERS. 
AMERICAN BRIDGE COMPANY. 
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GENERAL SPECIFICATIONS FOR STEEL FRAME BUILDINGS.* 
BY 


MILO S. KETCHUM, 
M. Am. Soc. C. E. 


THIRD EDITION. 
1914. 


GENERAL DESCRIPTION. 


1. Height of Building.—The height of the building shall be the distance from the top of the 
masonry to the under side of the bottom chord of the truss. 

2. Dimensions of Building.—The width and length of the building shall be the extreme dis- 
tance out to out of framing or sheathing. 

3. Length of Span.—The length of trusses and girders in calculating stresses shall be con- 
sidered “as the distance from center to center of end bearings when supported, and from end to 
end when fastened between columns by connection angles. 

4. Pitch of Roof.—The pitch of roof for corrugated steel shall preferably be not less than 
% (6 in. in 12 in.), and in no case less than $. For a pitch less than $ some other covering than 
corrugated steel shall be used. 

5. Spacing of Trusses.—Trusses shall be spaced so that simple shapes may be used for 
purlins. The spacing should be about 16 ft. for spans of, say, 50 ft. and about 20 to 22 ft. for 
spans of, say, 100 ft. For longer spans than 100 ft. the purlins may be trussed and the spacing 
may be increased. 

6. Spacing of Purlins.—Purlins shall be spaced not to exceed 4 ft. 9 in. where corrugated 
steel is used, and shall be placed at panel points of the trusses. 

7. Form of Trusses.—The trusses shall preferably be of the Fink type with panels so sub- 
divided that panel points will come under the purlins. If it is not practicable to place the purlins 
at panel points, the upper chords of the trusses shall be designed to take both the flexural and 
direct stresses. Trusses shall preferably be riveted trusses. 

Trusses supported on masonry walls shall have one end supported on sliding plates for spans 
up to 70 ft., for greater lengths of span rollers or a rocker shall be used. No rollers with a 
diameter less than 3 in. shall be used. 

All field connections of the steel framework shall be riveted except the connections for purlins 
and girts, which may be field bolted. 

' 8. Bracing.—Bracing in the plane of the lower chords shall be stiff; bracing in the planes of 
the top chords, the sides and the ends may be made adjustable. 

9. Proposals.—Contractors in submitting proposals shall furnish complete stress sheets, 
general plans of the proposed structures giving sizes of material, and such detail plans as will 
clearly show the dimensions of the parts, modes of construction and sectional areas. 

to. Detail Plans.—The successful contractor shall furnish all working drawings required by 
the engineer free of cost. Working drawings will, as far as possible, be made on standard size 
sheets 24 in. X 36 in. out to out, 22 in. X 34 in. inside the inner border lines. 

11. Approval of Plans.—No work shall be commenced or materials ordered until the working 
drawings are approved in writing by the engineer. The contractor shall be responsible for dimen- 
sions and details on the working plans, and the approval of the detail plans by the engineer will 
not relieve the contractor of this responsibility. 


LoaDs. 


12. The trusses shall be designed to carry the following loads: ; 
13. DEAD LOADS. Weight of Trusses.—The weight of trusses per sq. ft. of horizontal 
projection, up to 150 ft. span shall be calculated by the formula 


iP L 
W=— ( ae Se ) 
45 5VA 
where W = weight of trusses per sq. ft. of horizontal projection; 
P = capacity of truss in pounds per sq. ft. of horizontal projection; 


span of the truss in feet; 
A = distance between trusses in feet. 


* Reprinted from the author’s ‘‘ The Design of Steel Mill Buildings.” 
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14. Weight of Covering. Corrugated Steel—The weight of corrugated steel shall be taken 
from Table I. 

When two corrugations side lap and six in. end lap are used, add 25 per cent to the above 
weights; when one corrugation side lap and four in. end lap are used, add 15 per cent to the above 
weights to obtain weight of corrugated steel laid. For paint add 2 lb. per square. The weight 
of covering shall be reduced to weight per sq. ft. of horizontal projection before combining with 
the weight of trusses. 

15. Slate.—Slate laid with 3 in. lap shall be taken at a weight of 73 lb. per sq. ft. of inclined 
roof surface for #5 in. slate 6 in. X 12 in., and 63 Ib. per sq. ft. of inclined roof surface for 3% in. 
slate 12 in. X 24 in., and proportionately for other sizes. 

16. Tile.—Terra-cotta tile roofing weighs about 6 Ib. per sq. ft. for tile 1 in. thick; the actual 
weight of tile and other roof coverings not named shall be used. 

17. Sheathing and Purlins.—Sheathing of dry pine lumber shall be assumed to weigh 3 lb. 
per ft. and dry oak purlins 4 lb. per ft. board measure. : 

18. Miscellaneous Loads.—The exact weight of sheathing, purlins, bracing, ventilators, 
cranes, etc., shall be calculated. 

19. SNOW LOADS.—Snow loads shall be taken from the diagram in Fig. 1. 

20. WIND LOADS.—The normal wind pressure on trusses shall be computed by Duch- 
emin’s formula, Fig. 3, with P = 30 Ib. per sq. ft., except for buildings in exposed locations, 
where P = 40 lb. per sq. ft. shall be used. ; 

c or. The sides and ends of buildings shall be computed for a normal wind load of 20 lb. per 
sq. ft. of exposed surface for buildings 30 ft. and less to the eaves; 30 lb. per sa. ft. of exposed 
surface for buildings 60 ft. to the eaves, and in proportion for intermediate heights. 

22. Mine Buildings.—Mine, smelter and other buildings exposed to the action of corrosive 
gases shall have their dead loads increased 25 per cent. 

23. Concentrated Loads.—Concentrated loads and crane girders shall be considered in 
determining dead loads. 

24. Purlins.—Purlins shall be designed to carry the actual weight of the covering, roofing 
and purlins, but shall always be designed for a normal load of not less than 30 lb. per sq. ft. 

25. Girts.—Girts shall be designed for a normal load of not less than 25 lb. per sq. ft. 

26. Root Covering.—Roof covering shall be designed for a normal load of not less than 30 
Ib. per sq. ft. : 

Oa Minimum Loads.—No roof shall, however, be designed for an equivalent-load of less 
than 30 lb. per sq. ft. of horizontal projection. 

38. Loads on Foundations.—The loads on foundations shall not exceed the ,following in 


tons per sq. ft.: 


Ordinary clay and dry sand mixed with clay. .:.--.<+ss0+s2>eceeree® ity tariel ate cures 
ry cand and dry clay 69005 te Oe tias ea PEO Sa ee ee re 3 
Hard clay and firm coarse sands... 00 5.00) shee se. fesse ees svas sends casi pas 4 
icin coarse sand: and) pravell. sero) -telstestuer terete = micron eh ie eal fs todas 5 
SA ler cls se sheet aaa he Aatolete ti otslateyraer aire toto leuerna ns ta aaa 8 
Hard rocksn\o 255 one re nea oe a stelaesetel ne ete es 20 


For all soils inferior to the above, such as loam, etc., never more than one ton per sq. ft. 
29. Stresses in Masonry.—The allowable stresses 1n masonry shall not exceed the following: 


Tons per Sq. Ft. Lb. per Sq. In, 


Common brick, Portland cement MMOLtALs «ki wae sect ane cese eer eeeioe 12 168 
Hard burned brick, Portland cement mortar...+-+-+++++srsseesess 15 210 
Rubble masonry, Portland cement mortar. ..-.+-0+++s++sresrerre: 10 140 
First class masonry, crystalline sandstone or Nmestone nn. + a 25 350 
Birsé class masonry, Granite sista ater, siete clarinets sc toen aeetcscuetnicisie shy seed 30 420 
Portland cement concrete, 1-3-5... <: 5s 623g senses oases es 20 280 
Portland cement concrete, I-2-4. . 1 veces ee te reeen een es esces 30 420 


30. Pressures on Masonry.—The pressure of column bases, beams, etc., on masonry shall 
not exceed the following in pounds per sq. in. 


Brick work with cement mortar. 2.2 sop2.s-senecr ees acccminstc sess rinacea: sacs 250 
Rubble masonry with cement mortar... .....+-s+ser essere eure ete e sets ne sss 250 
Portland cementi concrete, I-2-4.).... 5-2 5.<-einieieieleis sakes ipo si ie laa ae 500 
First class dimension sandstone or limestone. ...--+-+++++e0sssesreeeecessessss 400 


Firat class gramite sw... eves gecusee) fee oe eet a 500 
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31. Loads on Timber Piles.—The maximum load carried by a pile shall not exceed 40,000 
Ib., or 600 lb. per sq. in. of its average cross-section. The allowable load on piles driven with a 
drop hammer shall be determined by the formula P = 2uh 3 


Where P = safe load on pile 


in tons; W = weight of hammer in tons; h = free fall of hammer in ft.; s = average penetration 
for the last six blows of the hammer in in. Where a steam hammer is used, 75 is to be used in 
place of unity in the denominator of the right hand member of the formula. 

Piles shall have a penetration of not less than Io ft. in hard material, such as gravel, and not 
less than 15 ft. in loam or soft material. 


PROPORTION OF PARTS. 


32. Allowable Stresses.—In proportioning the different parts of the structure the maximum 
stresses due to the combinations of the dead and wind load; dead and snow load; or dead, minimum 
snow and wind load are to be provided for. Concentrated loads where they occur must be pro- 
vided for. 

33. Tensile Stress.—Allowable Unit Tensile Stresses for Structural Steel. For direct dead, 
snow and wind loads. 


Lb. per Sq. In. 
Baa es MN AIAINeM DELS PEE. SECHIOM oc) oie, Aeysar ere ecee, «0. e osse.eeg ss ave, arouayepticleis che cist 16,000 
IEEIES ooo aes awelt hve Fa eee et, A RR ae eee ee reer ae 16,000 
botonttdances of rolled DCAMS cielo c.s.sa1e sic,s sccieielys Se > stieinyeltie cle He ieee Seas es 16,000 
SSR SSM TE TAS TIC EE SEC MLO ane no, Soe tesresia toicr a fossa) aim ino isue si oie oie “Vavevste ¢ estas + 20,000 
Mromuccaaors aftercare tee cert ener Se ee cclks va cla cade o ercmcce oc cpin eshte 20,000 
Piste cirderweusiShear OM Tel SCCIOM sea cic fctck a site cs ajd eased a erme nt ee eee 10,000 
Shapes liable to sudden loading as when used for crane girders................ 10,000 
panstOnerollersiper WUMeA MICH. n/t tis te ttecse sce eee ee eo each oa eet Reve gs 600 Xd 


where d = diameter of roller in inches. 


Laterals shall be designed for the maximum stresses due to 5,000 pounds initial tension and 
the maximum stress due to wind. 

34. Compressive Stress.—Allowable Unit Compressive Stress for Structural Steel. For 
direct dead;.snow and wind loads 


S = 16,000 — 70! é 


where S = allowable unit stress in Ib. per sq. in; 
1 = length of member in inches c. to c. of end connections; 
r = least radius of gyration of the member in inches. 
35. Plate Girders.—Top flanges of plate girders shall have the same gross area as the tension 
flanges. 
36. Shear in webs of plate girders shall not-exceed 10,000 Ib. per sq. in. of net section. 
37. Alternate Stress.—Members and connections subject to alternate stresses shall be 
designed to take each kind of stress. 
38. Combined Stress.—Members subject to combined direct and bending stresses shall be 
proportioned according to the following formula: 


12 M-1, 
ede oP 
I+ — 

10f 


where S = stress in lb. per sq. in. in extreme fiber; 
P = direct load in lb.; 
A = area of member in sq. in.; 
M = bending moment in in-lb.; 
y, = distance from neutral axis to extreme fiber in inches; 
I = moment of inertia of member; 
1 = length member, or distance from point of zero moment to end of member in inches; 
E = modulus of elasticity = 30,000,000. lb. per sq. in. 

When combined direct and flexural stress due to wind is considered, 50 per cent may be 
added to the above allowable tensile and compressive stresses. 

39 Stress Due to Weight of Member:—Where the stress due to the weight of the member or 
due to an eccentric load exceeds the allowable stress for direct loads by more than Io per cent, the 
section shall be increased until the total stress does not exceed the above .allowable stress for 
direct loads by more than 10 per cent. 
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The eccentric stress caused by connecting angles by one leg when used as ties or struts shall 
be calculated, or only one leg will be considered effective. 

40. Rivets.—Rivets shall be so spaced that the shearing stress shall not exceed 11,000 lb. 
per sq. in.; nor the pressure on the bearing surface (diameter X thickness of piece) of the rivet 
hole exceed 22,000 lb. per sq. in. 

Rivets in lateral connections may have stresses 25 per cent in excess of the above. 

Field rivets shall be spaced for stresses two-thirds those allowed for shop rivets. 

Field bolts, when allowed, shall be spaced for stresses two-thirds those allowed for field 
rivets. 

Rivets and field bolts must not be used in direct tension. Where it is necessary that con- 
nections take tension turned bolts shall be used. 

41. Pins.—Pins shall be proportioned so that the shearing stress shall not exceed 11,000 Ib. 
per sq. in.; nor the pressure on the bearing surface (diameter X thickness of piece) of the pin 
hole exceed 22,000 Ib. per sq. in.; nor the extreme fiber stress due to cross bending exceed 24,000 
Ib. per sq. in. when the applied forces are assumed as acting at the center of the members. 

42. Plate Girders.—Plate girders shall be proportioned by the moment of inertia of their 
net section or on the assumption that 4% of the gross area of the web is available as flange area, 
and the shear is resisted by the web. The distance between centers of gravity of the flange areas 
shall be considered as the effective depth of the girder. 

43. Web Stiffeners.—The web of plate girders shall have stiffeners at the ends and inner 
edges of bearing plates, and at points of concentrated loads, and also at intermediate points where 
the thickness of the web is less than #5 of the unsupported distance between flange angles, not 
farther apart than the depth of the full web plate with a maximum limit of 5 ft. Stiffeners shall 
be designed as columns for a length equal to one-half the depth of the girder. Stiffener angles 
must have enough rivets to properly transmit the shear. 

’ 44. Compression flanges of plate girders shall have at least the same sectional area as the 


tension flanges, and shall not have a stress per sq. in. on the gross area greater than 16,000 — 150 2 . 


where / = unsupported distance, and 6 = width of flange, both in inches.. Compression flanges 
a plate girders shall be stayed transversely when their length is more than thirty times their 
width. . : 

45. Rolled Beams.—Rolled beams shall be proportioned by their moment of inertia. The 
depth of rolled beams in floors shall not be less than zy of the span. Where rolled beams or 
channels are used as roof purlins the depths shall not be less than zg of the span. 

46. Timber.—The allowable stresses in timber purlins and other timber shall be taken from 
the following table. 


ALLOWABLE WoRKING UNIT STRESSES IN TIMBER, IN POUNDS PER SQUARE INCH. 


ee Modulus of 


Kind of Timber. Oe aie Pose Elasticity, 


White Oak 1,150,000 
Long Leaf-Yellow Pine... 1,610,000 
White Pine and Spruce... 1,130,000 
Western Hemlock 1,480,000 
Douglass Hire aes. 1,510,000 


‘ 


Columns may be used with a length not exceeding 45 times the least dimension. The unit 
sie in lengths of more than 10 times the least dimension shall be reduced by the following 
ormula: 


where C = unit stress, as given above for short columns; 
P = allowable unit stress in lb. per sq. in.; 
2 = length gf column in inches; 
d = least side of column in inches. 
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COVERING. 


47. Corrugated Steel.—Corrugated steel shall generally have 2} in. corrugations when used 
for roof and sides of buildings, and 1} in. corrugations when used for lining buildings. The 
minimum gage of corrugated steel shall be No. 22 for roofs, No. 24 for sides, and No. 26 for lining. 

The gage of corrugated steel in U. S. standard gage and weight per sq. ft. shall be shown 
on the general plan. 

48. Spacing Purlins and Girts.—The span, or center to center distance of purlins, shall not 
exceed the distance given in Fig. 18 for a safe load of 30 lb. per sq. ft. Corrugated steel sheets 
shall preferably span two purlin spaces. Girts shall be spaced for a safe load of 25 lb. per sq. ft. 
in Fig. 18. 

49. End and Side Laps.—Corrugated steel shall be laid with two corrugations side lap and 
six inches end lap when used for roofing, and one corrugation side lap and four inches end lap 
when used for siding. 

50. Fastening.—Corrugated steel shall be fastened to the purlins and girts by means of 
galvanized iron straps ? in. wide by No. 18 gage, spaced 8 to 12 in. apart; by clinch nails.spaced 
8 to 12 in. apart; or by nailing directly to spiking strips with 8d barbed nails, spaced 8 in. apart. 
Spiking strips shall preferably be used with anti-condensation lining. Bolts, nails and rivets 
shall always pass through the top of corrugations. Side laps shall be riveted with copper or 
galvanized iron rivets 8 to 12 in. apart on the roof and 14 to 2 ft. apart on the sides. 

51. Corrugated Steel Lining.—Corrugated steel lining on the sides shall be laid with one 
corrugation side lap and four in. end lap. Girts for corrugated steel lining shall be spaced for a 
safe load of 25 lb. per sq. ft. as given in Fig. 18. 

52. Anti-condensation Lining.—Anti-condensation roof lining shall be used to prevent 
dripping in engine houses and similar buildings, and shall be constructed as follows: Galvanized 
wire poultry netting is fastened to one eave purlin and is passed over the ridge, stretched tight 
and fastened to the other eave purlin. The edges of the wire are woven together and the netting 
is fastened to the spiking strips, where used, by means of small staples. On the netting are laid 
two layers of asbestos paper 7 in. thick and two layers of tar paper. The corrugated steel is 

then fastened to the purlins in the usual way; 3%; in. stove bolts with I in. X % in. plate washers 
on the lower side are used for fastening the side laps together and for supporting the lining; or 
the purlins may be spaced one-half the usual distance where anti-condensation lining is used and 
the stove bolts omitted. 

53. Flashing.—Valleys or corners around stacks shall have flashing extending at least 12 in. 
above where water will stand, and shall be riveted or soldered, if necessary, to prevent leakage. 

Flashing shall be provided above doors and windows. 

54. Ridge Roll.—All ridges shall have a ridge roll securely fastened to the corrugated steel. 

55. Corner Finish.—All corners shall be covered with standard corner finish securely fastened 
to the corrugated steel. 

56. Cornice.—At the gable ends the corrugated steel on the roof shall be securely fastened to a 
finish angle or channel connected to the end of the purlins, or, where molded cornices are used, 
to a piece of timber fastened to the ends of the purlins. 

57. Gutters——Gutters and conductors shall be furnished at least equal to the requirements 

of the following table: 


Span of Roof. Gutter. Conductor. 
Up to 50 ft. 6 in. 4 in. every 40 ft. 
50 ft. to 70 ft. 7 in. 5 in. every 40 ft. 
70 ft. to 100 ft. 8 in. 5 in. every 40 ft. 


Gutters shall have a slope of at least 1 in. in 15 ft. Gutters and conductors shall be made 
of galvanized steel not lighter than No. 24. 

58. Ventilators.—Ventilators shall be provided and located so as to properly ventilate the 
building. They shall have a net opening for each 100 sq. ft. of floor space as follows: not less 
than one-fourth sq. ft. for clean machine shops and similar buildings; not less than one sq. ft. 
for dirty machine shops; not less than four sq. ft. for mills; and not less than six sq. ft. for forge 
shops, foundries and smelters. b 

59. Shutters and Louvres.—Openings in ventilators shall be provided with shutters, sash, 
or louvres, or may be left open as specified. 

Shutters must be provided with a satisfactory device for opening and closing. 

Louvres must be designed to prevent the blowing in of rain and snow, and must be made 
stiff so that no appreciable sagging will occur. They shall be made of not less than No. 20 gage 
galvanized steel for flat louvres, and No. 24 gage galvanized steel for corrugated louvres. 

60. Circular Ventilators.—Circular ventilators, when used, must be designed so as to prevent 
down drafts. Net opening only shall be used in calculations. 
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61. Windows.—Windows shall be provided in the exterior walls equal to not less than 10 per 
cent of the entire exterior surface in mill buildings, and of not less than 25 per cent in machine 
shops, factories, washeries, concentrators, breakers and similar buildings. 

Window glass up to 12 in. X 14 in. may be single strength, over 12 in. X 14 in. the glass 
shall bé double strength. Window glass shall be A grade except in smelters, foundries, forge 
shops and similar structures, where it may be B grade. The sash and frames shall be constructed 
of white pine. Where buildings are exposed to fire hazard the windows shall have wire glass set 
in metal sash and frames. 

62. Skylights.—At least half of the lighting shall preferably be by means of skylights, or 
sash in the sides of ventilators. 

Skylights shall be glazed with wire glass, or wire netting shall be stretched beneath the 
skylights to prevent the broken glass from falling into the building. Where there is danger of 
the skylight glass being broken by objects falling on it, a wire netting guard shall be provided 
on the outside. 

Skylight glass shall be carefully set, special care being used to prevent leakage. Leakage 
and condensation on the inner surface of the glass shall be carried to the down-spouts, or outside 
the building by condensation gutters. 

63. Windows in sides of buildings shall be made with counterbalanced sash, and in venti- 
lators shall be made with sliding or swing sash. All swinging windows shall be provided with a 
satisfactory operating device. 

64. Doors.—Doors are to be furnished as specified and are to be provided with hinges, tracks, 
locks and bolts. Single doors up to 4 ft. and double doors up to 8 ft. shall preferably be swung 
on hinges; large doors, double and single, shall be arranged to slide on overhead tracks, or may be 
counterbalanced to lift up between vertical guides. 

Steel doors shall be firmly braced and shall be covered with No. 24 corrugated steel with 1} 
in. corrugations. 

‘ The frames of sandwich doors shall be made of two layers of { in. matched white pine, placed 

diagonally, and firmly nailed with clinch nails. The frame shall be covered on each side with a 
layer of No. 26 corrugated steel with 1} in. corrugations. Locks and all other necessary hard- 
ware shall be furnished for all windows and doors. 

(Sections 65 to 77 cover specifications for tar and gravel roofing and concrete and wood floors 
which have already been given.) : 
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78. Details.—All connections and details shall be of sufficient strength to develop the full 
strength of the member. 

79. Pitch of Rivets.—The pitch of rivets shall not exceed 6 in., or sixteen times the thickness 
of the thinnest outside plate in the line of stress, nor forty times the thickness of the thinnest 
outside plate at right angles to the line of stress. The pitch shall never be less than three diameters 
of rivet. At the ends of compression members the pitch shall not exceed four diameters of the 
rivet for a length equal to twice the width of the member. 

80. Edge Distance.—The minimum distance from the center of any rivet hole to a sheared 
edge shall be 14 in. for $ in. rivets, 1} in. for $ in. rivets, 13 in. for 3 in. rivets, and 1 in. for 4 in. 
rivets, and to a rolled edge 14, 1%, I and { in., respectively. The maximum distance from the 
edge shall be eight (8) times the thickness of the plate. 

81. Maximum Diameter.—The diameter of the rivets in angles carrying calculated stresses 
shall not exceed } of the width of the leg in which they are driven, except that } in. rivets may 
be used in 2 in. angles. 
dit 82. Diameter of Punch and Die.—The diameter of the punch and die shall be as specified 
in § 147. 

83. Net Sections.—The effective diameter of a driven rivet will be assumed the same as 
its diameter before driving. In deducting the rivet holes to obtain net sections in tension members 
the diameter of the rivet holes will be assumed as 4 inch larger than the undriven rivet. ' 

84. Minimum Sections.—No metal of less thickness than } in. shall be used except for 
fillers; and no angles less than 2” X 2” X }”. The minimum thickness of metal in head frames, 
rock houses and coal tipples, coal washers and coal breakers shall be 3% in., except for fillers. 
No upset rod shall be less than } in. in diameter. Sag rods may be as small as ? in. diameter. 

85. Connections.—All connections shall be of sufficient strength to develop the full strength 
of the member. No connections except for lacing bars shall have less than two rivets. All field 
connections except lacing bars shall have not less than three rivets. 

86. Flange Plates.—The flange plates of all girders shall not extend beyond the outer line 
of rivets connecting them to the angles more than 6 in. nor more than eight times the thickness 
of the thinnest plate. 
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87. Web Stiffeners.—Web stiffeners shall be in pairs, and shall have a close fit against flange 
angles. The stiffeners at the ends of plate girders shall have filler plates. Intermediate stiffeners 
may have fillers or be crimped over the flange angles. The rivet pitch in stiffeners shall not be 
greater than 5 in. : 

88. Web Splices.—Web plates shall be spliced at all points by a plate on each sidé of the 
web, capable of transmitting the shearing and bending stresses through the splice rivets. 

89. Net Sections.—Net sections must be used in calculating tension members and in deducting 
the rivet holes they shall be taken 4 in. larger than the nominal size of rivet. 

go. Pin connected riveted tension members shall have a net section through the pin hole 
25 per cent in excess of the required net section of the member. The net section back of the 
pa hole in line of the center of the pin shall be at least 0.75 of the net section through the pin 

ole. 

gt. Upset Rods.—All rods with screw ends, except sag rods, must be upset at the ends so that 
the diameter at the base of the threads shall be 7 inch larger than any part of the body of the bar. 

92. Upper Chords.—Upper chords of trusses shall have symmetrical cross-sections, and shall 
preferably consist of two angles back to back. 

93. Compression Members.—All other compression members for roof trusses, except sub- 
struts, shall be composed of sections symmetrically placed. Sub-struts may consist of a single 
section. - 

94. Columns.—Side posts which take flexure shall preferably be composed of 4 angles laced, 
or 4 angles and a plate. Where side posts do not take flexure and carry heavy loads they shall 
preferably be composed of two channels laced, or of two channels with a center diaphragm. 

95. Posts in end framing shall preferably be composed of I-beams or 4 angles laced. Corner 
columns shall preferably be composed of one angle. 

96. Crane Posts.—The cross-bending stress due to eccentric loading in columns carrying 
cranes shall be calculated. Crane girders carrying heavy cranes shall be carried on independent 
columns. 

97. Batten Plates.—Laced compression members shall be stayed at the ends by batten 
plates, placed as near the end of the member as practicable and having a length not less than the 
greatest width of the member. The thickness of batten plates shall not be less than 2; of the 
distance between rivet lines at right angles to axis of member. 

98. Lacing.—Single lacing bars shall have a thickness of not less than #5, and double bars 
connected by a rivet at the intersection of not less than #y of the distance between the rivets 
connecting them to the member; they shall make an angle not less than 45 degrees with the axis 
of the member; their width shall be in accordance with the following standards, generally: 


Size of Member. Width of Lacing Bars. 


For 15 in. channels, or built sections with 34 and 4 in. angles.. .23 inches (# in. rivets). 
For 12, 10 and g in. channels, ot built sections with 3 in. angles.. .2} inches (# in. rivets). 
For 8 and 7 in. channels, or built sections with 2} in. angles....2 inches (3 in. rivets). 

For 6 and 5 in. channels, or built sections with 2 in. angles.....1} inches (3 in. rivets). 


Where laced members are subjected to bending, the size of lacing bars or angles shall be cal- 
culated, or a solid web plate shall be used. 

99. Pin Plates.—All pin holes shall be reinforced by additional material when necessary, so 
as not to exceed the allowable pressure on the pins. These reinforcing plates must contain enough 
rivets to transfer the proportion of pressure which comes upon them, and at least one plate on 
each side shall extend not less than 6 in. beyond the edge of the batten plate. 

100. Maximum Length of Compression Members.—No compression member shall have a 
length exceeding 125 times its least radius of gyration for main members, nor 150 times its least 
radius of gyration for laterals and sub-members. The length of a main tension member in which 
the stress is reversed by wind shall not exceed:150 times its least radius of gyration. 

101. Maximum Length of Tension Members.—The length of riveted tension members in 
horizontal or inclined position shall not exceed 200 times their radius of gyration except for wind 
bracing, which members may have a length equal to 250 times the least radius of gyration. The 
peizontal projection of the unsupported portion of the member is to be considered the effective 
ength. © 

102. Splices.—In compression members joints with abutting faces planed shall be placed as 
near the panel points as possible, and must be spliced on all sides with at least two rows of rivets 
on each side of the joint. Joints with abutting faces not planed must be fully spliced. 

103. Splices.—Joints in tension members shall be fully spliced. 

104. Tension Members.—Tension members shall preferably be composed of angles or 
shapes capable of taking compression as well as tension. Flats riveted at the ends shall not be 
used. : 
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105. Main tension members shall preferably be made of 2 angles, 2 angles and a plate, or 2 
channels laced. Secondary tension members may be made of a single shape. 

106. Eye-Bars.—Heads of eye-bars shall be so proportioned as to develop the full strength 
of the bar. The heads shall be forged and not welded. 

107. Pins.—Pins must be turned true to size and straight, and must be driven to place by 
means of pilot nuts. 

The diameter of pin shall not be less than ¢ of the depth of the widest bar attached toa it. 

The several members attached to a pin shall be packed so as to produce the least bending 
moment on the pin, and all vacant spaces must be filled with steel or cast iron fillers. 

108. Bars or Rods.—Long laterals may be made of bars with clevis or sleeve nut adjustment. 
Bent loops shall not be used. 

109. Spacing Trusses.—Trusses shall preferably be spaced so as to allow the use of single 
pieces of rolled sections for purlins. Trussed purlins shall be avoided if possible. 

110. Purlins and Girts.—Purlins and girts shall preferably be composed of single sections— 
channels, angles or Z-bars, placed with web at right angles to the trusses and posts and legs turned 
down. 

111. Fastening.—Purlins and girts shall be attached to the top chord of trusses and to columns 
by means of angle clips with two rivets in each leg. 

112. Spacing.—Purlins for corrugated steel without sheathing shall be spaced at distances 
apart not to exceed the span as given for a safe load of 30 lb., and girts for a safe load of 25 lb. 
as given in Fig. 18. ‘ 

8 3. Timber Purlins.—Timber purlins and girts shall be attached and spaced the same as 
steel purlins. 

114. Base Plates.—Base plates shall never be less than 3 in. in thickness, and shall be of 
sufficient thickness and size so that the pressure on the masonry shall not exceed the allowable 
pressures in § 30. 

115. Anchors.—Columns shall be anchored to the foundations by means of two anchor 
bolts not less than I in. in diameter upset, placed as wide apart as practicable in the plane of the 
wind. The anchorage shall be calculated to resist one and one-half times the bending moment 
at the base of the columns. 

116. Lateral Bracing.—Lateral bracing shall be provided in the plane of the top and bottom 
chords, sides and ends; knee braces in the transverse bents; and sway bracing wherever necessary. 
Lateral bracing shall be designe for an initial stress of 5,000 lb. in each member, and provision 
must be made for putting this initial stress into the members in erecting. 

117. Temperature.—Variations in temperature to the extent of 150 degrees F. shall be 
provided for. 


MATERIAL AND WORKMANSHIP. 


MATERIAL, 


118. Process of Manufacture.—Steel shall be made by the open-hearth process. 
119. Schedule of Requirements. 


Chemical and Physical Structural Steel. Rivet Steel. Steel Castings. 
Properties. 


i . t Ke) : 
Phosphorus Max. tae : O04 Perce OO4 per icent 0.05 per cent 


Sulphur maximum......... 


Ultimate tensile strength Desired Desired Not less than 


Pounds per square inch..... 60,000 50,000 65,000 


; : : 00,000* 1,500,000 
Elongation: min. % in 8” { mae ies 
Ult. tensile strength | Ult. tensile strength 


Elongation: min. % in 2”... 22 18 
Character of fracture....... Silky Silky Silky or fine granular 
Cold bends without fracture. 180° flatf 180° flatt 90°, d = 3t 


The yield point, as indicated by the drop of beam, shall be recorded in the test reports. 


* See paragraph 128. 
+ See paragraphs 129, 130 and 131. 
t See paragraph 132. 
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120, Allowable Variations.—If the ultimate strength varies more than 4,000 lb. from that 
desired, a retest shall be made on the same gage, which, to be acceptable, shall be within 5,000 
lb. of the desired ultimate. 

121. Chemical Analyses.—Chemical determinations of the percentages of carbon, phos- 
phorus, sulphur and manganese shall be made by the manufacturer from a test ingot taken at 
the time of the pouring of each melt of steel and a correct copy of such analysis shall be furnished 
to the engineer or his inspector, Check analyses shall be made from finished material, if called 
2 bya purchaser, in which case an excess of 25 per cent above the required limits will be 
allowe 

122. Form of Specimens. PLATES, SHAPES AND Bars.—Specimens for tensile and bending 
tests for plates, shapes and bars shall be made by cutting coupons from the finished product, 
which shall have both faces rolled and both edges milled to the form shown by Fig. 1; or with 
both edges parallel; or they may be turned to a diameter of ¢ in. for a length of at least 9 in., 
with enlarged ends. 

123. RivETS.—Rivet rods shall be tested as rolled. 

124. PINS AND ROLLERS.—Specimens shall be cut from the finished rolled or forged bar, in 
such manner that the center of the specimen shall be I in. from the surface of the bar. The 
specimen for tensile test shall be turned to the form shown by Fig. 2. The specimen for bending 
test shall-be I in. by 3 in. in section. 


About a = 
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125. STEEL CAstincs.—The number of tests will depend on the character and importance 
of the castings. Specimens shall be cut cold from coupons molded and cast on some portion of 
one or more castings from each melt or from the sink heads, if the heads are of sufficient size. 
The coupon or sink head, so used, shall be annealed with the casting before it is cut off. Test 
specimens shall be of the form prescribed for pins and rollers. 

126. Annealed Specimens.—Material which is to be used without annealing or further 
treatment shall be tested in the condition in which it comes from the rolls. When material is to 
be annealed or otherwise treated before use, the specimens for tensile tests representing such 
ies shall be cut from properly annealed or similarly treated short lengths of the full section 
of the bar. 

127. Number of Tests.—At least one tensile and one bending test shall be made from each 
melt of steel as rolled. In case steel differing 3 in. and more in thickness is rolled from one melt, 
a test shall be made from the thickest and thinnest material rolled. 

128. Modifications in Elongation.—For material less than 35 in. and more than 3 
pikes the following modifications will be allowed in the requirements for elongation: 

(a) For each 7; in. in thickness below 3 in., a deduction of 2} per cent will be allowed from 
the specified elongation. 

(6) For each } in. in thickness above # in., a deduction of 1 per cent will be allowed from 
the specified eleaesaiaas 
’ (c) For pins and rollers over 3 iri. in diameter the elongation in 8 in. may be 5 per cent less 

than that specified in paragraph 119. 
129. Bending Tests.—Bending tests may be made by pressure or by blows. Plates, shapes 
- and bars less than 1 in. thick shall bend as called for in paragraph 119. 


$ in. in 
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130. Thick Material.—Full-sized material for eye-bars and other steel 1 in. thick and over, 
tested as rolled, shall bend cold 180 degrees around a pin the diameter of which is equal to twice 
the thickness of the bar, without fracture on the outside of bend. 

131. Bending Angles.—Angles # in. and less in thickness shall open flat and angles 4 in. and 
less in thickness shall bend shut, cold, under blows of a hammer, without sign of fracture. This 
test will be made only when required by the inspector. : 

132. Nicked Bends.—Rivet steel, when nicked and bent around a bar of the same diameter 
as the rivet rod, shall give a gradual break and a fine, silky, uniform fracture. 

133. Finish.—Finished material shall be free from injurious seams, flaws, cracks, defective 
edges, or other defects, and have a smooth, uniform, workmanlike finish. Plates 36 in. in width 
and under shall have rolled edges. 

134 Stamping.—Every finished piece of steel shall have the melt number and the name of 
the manufacturer stamped or rolled upon it. Steel for pins and rollers shall be stamped on the 
end. Rivet and lattice steel and other small parts may be bundled with the above marks on an 
attached metal tag. 

135. Defective Material.—Material which, subsequent to the above tests at the mills, and 
its acceptance there, develops weak spots, brittleness, cracks or other imperfections, or is found 
to have injurious defects, will be rejected at the shop and shall be replaced by the manufacturer 
at his own cost. 

136. Allowable Variation in Weight.—A variation in cross-section or weight of each piece of 
steel of more than 23 per cent from that specified will be sufficient cause for rejection, except in 
case of sheared plates, which will be covered by the following permissible variations, which are to » 
apply to single plates. 

137. When Ordered to Weight.—Plates 123 lb. per square foot or heavier: 

(a) Up to 100 in. wide, 2} per cent below or above the prescribed weight. 


Piates + INCH AND OVER IN THICKNESS. 


Width of Plate. 


Thickness Nominal 
Ordered, in. Weight, lb. 75 in. and up to x00 in. and up to Over 115 in. 


Rips i roo in. Ir5 in. 


per cent per cent 18 per cent 
“ce “cc “ “ee “ec “ce 


1-4 
5-16 
3-8 


fo) 
8 16 
i 

7-16 ; 6 10 ; 13 
5 : 
4 
4 
3 


13 17 per cent 
2 
9-16 
5-8 

Over 5-8 


PLATES UNpER 1} INcH IN THICKNESS. 


Width of Plate. 


Thickness Nominal Weights 
Ordered, in. Ib. per sq. ft. Tigstaysoline 50 meee up to Over oant 


1-8 up to 5-32 5.10 to 6.37 IO per cent I5 per cent 20 per cent 
6-32 “ec “ 3-16 6.37 oe 7.65 8} “ “ 123 “ ce 


“ “ 


=3-16 “* 1-4 7.65 “ 10:20 10 


(b) One hundred in. wide and over, 5 per cent above or below. 
138. Plates under 124 lb. per sq. ft.: 
(a) Up to 75 in. wide, 24 per cent above or below. 
(b) Seventy-five in. and up to 100 in. wide, 5 per cent above or 3 per cent below. 
(c) One hundred in. wide and over, 10 per cent above or 3 per cent below. 
139. When Ordered to Gage.—Plates will be accepted if they measure not more than .or 
in. below the ordered thickness. : : 
140. An excess over the nominal weight, corresponding to the dimensions on the order, 
will be allowed for each plate, if not more than that shown in the preceding tables, one cubic inch 
of rolled steel being assumed to weigh 0,2833 lb. 
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SPECIAL METALS. 


141. Cast-Iron.—Except where chilled iron is specified, castings shall be made of tough gray 
iron, with sulphur not over 0.10 per cent. They shall be true to pattern, out of wind and free 
from flaws and excessive shrinkage. If tests are demanded they shall be made on the “‘ Arbitra- 
tion Bar ”’ of the American Society for Testing Materials, which is a round bar, 1} in. in diameter 
and 15 in. long. ‘The transverse test shall be on a supported length of 12 in. with load at middle. 
The minimum breaking load so applied shall be 2,900 lb., with a deflection of at least #5 in. before 
rupture. 

142. Wrought-Iron Bars.—Wrought-iron shall be double-rolled, tough, fibrous and uniform 
in character. It shall be thoroughly welded in rolling and be free from surface defects. When 
tested in specimens of the form of Fig. 1, or in full-sized pieces of the same length, it shall show 
an ultimate strength of at least 50,000 lb. per sq. in., an elongation of at least 18 per cent in 8 in., 
with fracture wholly fibrous. Specimens shall bend cold, with the fiber through 135°, without 
sign of fracture, around a pin the diameter of which is not over twice the thickness of the piece 
tested. When nicked and bent the fracture shall show at least 90 per cent fibrous. 


WORKMANSHIP. 


143. General.—All parts forming a structure shall be built in accordance with approved 
re The workmanship and finish shall be equal to the best practice in modern bridge 
works. 

144. Straightening Material.—Material shall be thoroughly straightened in the shop, by 
methods that will not injure it, before being laid off or worked in any way. 

145. Finish.—Shearing shall be neatly and accurately done and all portions of the work 
exposed to view neatly finished. 

146. Rivets.—The size of rivets, called for on the plans, shall be understood to mean the 
actual size of the cold rivet before heating. 

147. Rivet Holes.—When general reaming is not required, the diameter of the punch for 
material not over $ in. thick shall be not more than zg in., nor that of the die more than ¢ in. larger 
than the diameter of the rivet. The diameter of the die shall not exceed that of the punch by 
more than } the thickness of the metal punched. 

148. Planing and Reaming.—In medium steel over $ of an in. thick, all sheared edges shall 
be planed and all holes shall be drilled or reamed to a diameter of } of an in. larger than the punched 
holes, so as to remove all the sheared surface of the metal. Steel which does not satisfy the 
drifting test must have holes drilled. ; 

149. Punching.—Punching shall be accurately done. Slight inaccuracy in the matching of 
holes may be corrected with reamers. Drifting to enlarge unfair holes will not be allowed. Poor 
matching of holes will be cause for rejection by the inspector. 

150. Assembling.—Riveted members shall have all parts well pinned up and firmly drawn 
together with bolts before riveting is commenced. Contact surfaces to be painted (see § 182). 

151. Lacing Bars.—Lacing bars shall have neatly rounded ends, unless otherwise called for. 

152. Web Stiffeners.—Stiffeners shall fit neatly between flanges of girders. Where tight 
fits are called for the ends of the stiffeners shall be faced and shall be brought to a true contact 
bearing with the flange angles. 

153. Splice Plates and Fillers.—Web splice plates and fillers under stiffeners shall be cut to 
fit within % in. of flange angles. 

154. Web Plates.—Web plates of girders, which have no cover plates, shall be flush with 
the backs of angles or be not more than j in. scant, unless otherwise called for. When web plates 
are spliced, not more than in. clearance between ends of plates will be allowed. 

155. Connection Angles.—Connection angles for girders shall be flush with each other and 
correct as to position and length of girder. In case milling is required after riveting, the removal 
-of more than #5 in. from their thickness will be cause for rejection. 

156. Riveting.—Rivets shall be driven by pressure tools wherever possible. Pneumatic 
hammers shall be used in preference to hand driving. 

157. Rivets shall look neat and finished, with heads of approved shape, full and of equal size. 
They shall be central on shank and grip the assembled pieces firmly. Recupping and calking 
will not be allowed. Loose, burned or otherwise defective rivets shall be cut out and replaced. 
In cutting out rivets great care shall be taken not to injure the adjacent metal. If necessary 
they shall be drilled out. 

158. Turned Bolts.—Wherever bolts are used in place of rivets which transmit shear, the 
holes shall be reamed parallel and the bolts turned to a driving fit. A washer not less than } in, 
thick shall be used under nut. 

159. Members to be Straight.—The several pieces forming one built member shall be straight 

_and fit closely together, and finished members shall be free from twists, bends or open joints. 
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160. Finish of Joints.—Abutting joints shall be cut or dressed true and straight and fitted 
close together, especially where open to view. In compression joints depending on contact 
bearing the surfaces shall be truly faced, so as to have even bearings after they are riveted up 
complete and when perfectly aligned. 

161. Field Connections.—All holes for field rivets in splices in tension members carrying 
live loads shall be accurately drilled to an iron templet or reamed while the connecting parts are 
temporarily put together. 

162. Eye-Bars.—Eye-bars shall be straight and true to size, and shall be free from twists 
folds in the neck or head, or any other defect. Heads shall be made by upsetting, rolling or forg- 
ing. Welding will not be allowed. The form of heads will be determined by the dies in use at 
the works where the eye-bars are made, if satisfactory to the engineer, but the manufacturer shall 
guarantee the bars to break in the body with a silky fracture, when tested to rupture. The 
thickness of head and neck shall not vary more than 7% in. from the thickness of the bar. 

163. Boring Eye-Bars.—Before boring, each eye-bar shall be properly annealed and carefully 
straightened. Pin holes shall be in the center line of bars and in the center of heads. Bars of the 
same length shall be bored so accurately that, when placed together, pins gz in. smaller in diam- 
eter than the pin holes can be passed through the holes at both ends of the bars at the same 
time. 

164. Pin Holes.—Pin holes shall be bored true to gage, smooth and straight; at right angles 
to the axis of the member and parallel to each other, unless otherwise called for. Wherever pos- 
sible, the boring shall be done after the member is riveted up. 

165. The distance center to center of pin holes shall be correct within 3 in., and the diameter 
of the hole not more than zy in. larger than that of the pin, for pins up to 5 in. diameter, and gy in. 
for larger pins. 

166. Pins and Rollers.—Pins and rollers shall be accurately turned to gage and shall be 
straight and smooth and entirely free from flaws. 

167. Pilot Nuts and Field Rivets.—At least one pilot and one driving nut shall be furnished 
for each size of pin for each structure; and field rivets 15 per cent plus 10 rivets in excess of 
the number of each size actually required. 

168. Screw Threads.—Screw threads shall make tight fits in the nuts and shall be U. S. 
standard, except above the diameter of 13 in., when they shall be made with six threads per in. 

169. Annealing.—Steel, except in minor details, which has been partially heated shall be 
properly annealed. 

170. Steel Castings.—All steel castings shall be annealed. 

171. Welds.—Welds in steel will not be allowed. 

172. Bed Plates.—Expansion bed plates shall be planed true and smooth. Cast wall plates 
shall be planed top and bottom. The cut of the planing tool shall correspond with the direction 
of expansion. 

173- Shipping Details.—Pins, nuts, bolts, rivets, and other small details shall be boxed or 
crated. 

174. Weight.—The weight of every piece and box shall be marked on it in plain figures. 

175. Finished Weight.—Payment for pound price contracts shall be by scale weight. No 
allowance over 2 per cent of the actual total weight of the structure as computed from the shop 
plans will be allowed for excess weight. 


AppITIONAL SPECIFICATIONS WHEN GENERAL REAMING AND PLANING ARE REQUIRED. 


176. Planing Edges.—Sheared edges and ends shall be planed off at least } in. 

177. Reaming.—Punched holes shall be made with a punch 35 in. smaller in diameter than 
the nominal size of the rivets and shall be reamed to a finished diameter of not more than 75 in. 
larger than the rivet. , 

178. Reaming after Assembling.—Wherever practicable, reaming shall be done after the 
pieces forming one built member have been assembled and firmly bolted together. If necessary 
to take the pieces apart for shipping and handling, the respective pieces reamed together shall be 
so marked that they may be reassembled in the same position in the final setting up. No inter- - 
change of reamed parts will be allowed. 

179. Removing Burrs,—The burrs on all reamed holes shall be removed by a tool counter- 
sinking about 7¢ in. 

TIMBER. 


180. Timber.—The timber shall be strictly first-class spruce, white pine, Douglas fir, Southern 
yellow pine, or white oak timber; sawed true and out of wind, full size, free from wind shakes, 
large or loose knots, decayed or sapwood, wormholes or other defects impairing its strength or 
durability. 
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PAINTING. 


181. Painting.—All steel work before leaving the shop shall be thoroughly cleaned from all 
loose scale and rust, and be given one good coating of pure boiled linseed oil or paint as specified, 
well worked into all joints and open spaces. 

182. In riveted work, the surfaces coming in contact shall each be painted (with paint) 
before being riveted together. 

183. Pieces and parts which are not accessible for painting after erection shall have two 
coats of paint. 

184. The paint shall be a good quality of red lead or graphite paint, ground with pure linseed 
oil, or such paint as may be specified in the contract. 

185. After the structure is erected the iron work shall be thoroughly and evenly painted 
with two additional coats of paint, mixed with pure linseed oil, of such quality and color as may 
be selected. Painting shall be done only when the surface of the metal is perfectly dry. No 
painting shall be done in wet or freezing weather unless special precautions are taken. The two 
field coats of paint shall be of different colors. 

186. Machine finished surfaces shall be coated with white lead and tallow before shipment 
or before being put out into the open air. 


INSPECTION AND TESTING AT MILL AND THE SHOPS. 


187. The manufacturer shall furnish all facilities for inspecting and testing weight and the 
quality of workmanship at the mill or shop where material is fabricated. He shall furnish a 
suitable testing machine for testing full-sized members if required. 

188. Mill Orders.—The engineer shall be furnished with complete copies oe mill orders, and 
no materials shall be ordered nor any work done before he has been notified as to where the orders 
have been placed so that he may arrange for the inspection. 

189. Shop Plans.—The engineer shall be furnished with approved complete shop plans, and 
must be notified well in advance of the start of the work in the shop in order that he may have an 
inspector on hand to inspect the material and workmanship. 

190. Shipping Invoices.—Complete copies of shipping invoices shall be furnished the engineer 
with each shipment. 

191. The engineer’s inspector shall have full access, at all times, to all parts of the mill or 
shop where material under his inspection is being fabricated. 

192. The inspector shall stamp each piece accepted with a private mark. Any piece not so 
marked may be rejected at any time, and at any stage of the work. If the inspector, through an 
oversight or otherwise, has accepted material or work which is defective or contrary to the speci- 
fications, this material, no matter in what stage of completion, may be rejected by the engineer. 

193. Full Size Tests.—Full size tests of any finished member shall be tested at the manu- 
facturer’s expense, and shall be paid for by the purchaser at the contract price less the scrap value, 
if the tests are satisfactory. If the tests are not satisfactory the material will not be paid for and 
the members represented by the tested member may be rejected. 


ERECTION. 


194. Tools.—The contractor shall furnish at his own expense all necessary tools, staging and 
material of every description required for the erection of the work, and shall remove the same 
when the work is completed. 

All field connections in the trusses and framework shall be riveted. Connections of purlins 
and girts may be bolted. 

* 195. Risks.—The contractor shall assume all risks from storms or accidents, unless caused 
by the negligence of the owner, and all damage to adjoining property and to persons until the 
work is completed and accepted. 

ag The contractor shall comply with all ordinances or regulations appertaining to the 
work. 

197. The erection shall be carried forward with diligence and shall be completed promptly. 
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REFERENCES.—For data on windows and glazing; paints and painting; foundations, and 
additional data and examples of roof trusses and steel mill buildings, see the author’s ‘‘ The 
Design of Steel Mill Buildings.”” This book also contains a full treatment of algebraic and graphic 
statics; and the calculation of stresses in simple framed structures, in the transverse bent, the 
two-hinged arch, etc.; also contains 24 problems in algebraic and graphic statics illustrating the 
methods of calculating the stresses in roof trusses and other framed structures. ; 


CHAPTER II. 
STEEL OFFICE BUILDINGS. 


Skeleton Construction.—Skeleton construction is a building where all external and internal 
loads and stresses are transferred from the top of the building to the foundations by a skeleton or 
framework of steel or reinforced concrete. In steel skeleton construction the framework con- 
sists of columns, floorbeams, girders, trusses, and diagonal and transverse bracing. The steel 
trusses have riveted connections and all connections in the steel framework should be riveted. 

_ Fire Resisting Construction.—To protect the structural steel from fire the framework is 
covered with materials that are slow heat conducting or “fireproof material.’”” The steel frame- 
work may be fireproofed with reinforced concrete, brick, tiles of burnt clay, or terra cotta. The 
windows on exposed sides and elevator enclosures are glazed with wire glass set in metal frames or 
are protected with fire shutters. Doors and other exposed openings are protected with fire doors 
or shutters. The interior finish, doors, etc. should be of metal and every precaution should be 
taken to prevent the spread of fire. Reinforced concrete fireproofing is usually made of the 
following thickness: For columns, trusses, girders or other very important members at least 2 
inches of concrete outside of the metal reinforcement; for ordinary beams or long span floor slabs 
or arches, 14 inches of concrete outside of the reinforcement, and for short span floor arches and 
slabs, partitions and walls at least I inch outside the metal reinforcement. Fireproofing of brick, 
tile or terra cotta is usually made with a thickness of not less than 4 inches for coluntns and the 
main framework. Metal flanges should be protected with not less than 2 inches of fireproofing 
at any point. 

TABLE I. 


WEiIcHTs or Bumpinc Matertats, Etc. 
PouNDs PER CuBic Foor. 


Material. Weight. ial, Weight. 


Brick, pressed and paving........... 150 
common building ja 5acs: + - 120 White pine 
“soft building 100 Douglas fir 
Granite 170 Yellow pine 
170 White oak 
160 Mortar. 
Sandstone 150 DEOME GOMCTELEl qe ters are ateieie «= sage oss 
Cinders... Beet Paiva scl ecoater mes 40 Cinder “ 
160-180 | Common brick work. . 
Granulated furnace slag 53 Rubble masonry, SAMGStOne\ ae jeretei 
Gravel 120 limestone........-. 
Slate 175 ee granite 
Sand, clay and cant (dry) 100 Ashlar sandstome.....s- «+l 
* (moist) 120 = ye limestone 
Coal ashes 45 ee PLAMITE esate 
Paving asphaltum 100 
Plaster of Paris 140 
160 
624 
5 Copper, rolled 
12 Brassen ae 
50 Plaster, ceiling 10 to 1s lb. per ‘sq. “ft... 


25 
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For details and data on fireproofing and fireproofing materials, see Freitag’s ‘‘ Fire Prevention 
and Fire Protection,’ and Kidder’s “‘ Architects and Builders Pocket Book.” 

LOADS.—The loads coming on office buildings may be grouped under the following headings: 
(1) dead loads; (2) live loads; (3) wind loads; (4) snow loads; (5) miscellaneous loads. 

Dead Load.—The ‘‘dead load” includes the weight of the structure, and other permanent 
fixtures and machines. A formula for the weight of roof trusses is given in Chapter I. | The 
weights of materials are given in Table I. The actual weights of all dead loads should be calcu- 
lated. The minimum weight of a fireproof floor should be taken at not less than 75 lb. per sq. ft. 
of floor surface. In office buildings a minimum of 10 lb. per sq. ft. should be added for movable 
partitions. 

WEIGHT OF STEEL IN TALL BUILDINGS.—The weight of the steel framework for tall 
steel buildings varies with the height, the column spacing, the floor loads and other conditions. 
The weights of steel per cubic foot for several tall steel buildings are given in Table II. In calcu- 
lating the weight per cubic foot only the part of the building above the curb was considered. 


TABLE II. 
WEIGHT OF STEEL IN TALL BurLpiIncs, Pounps PER Cusic Foor. 


Te Weight of 
Building. ———_—— i moveelalups Reference. 
ahh .| per Cu. Ft. 


Park Row Building, New York.. 2 1 . News, Oct. 8, 1896 
Hotel Astor (addition), New 


Noh: Se LOOM A ECE fae : . Record, Oct. 14, 1911 
Banker’s Trust Building, New ; 


; . Record, Feb. 11, 1911 
Underwood Building, New York . : . Record, April 1, 1911 


Hotel Rector, New York....... : . Record, May 27, 1911 
Woolworth Building, New York. A . Record, May 27, 1911 
Municipal Building, New York.. as d . News, July 27, 1911 
Poole Bros. Printing, Chicago... : . News, July 25, 1912 
Merchants & Mfgs. Exchange, 
INEWPYOLK. sac cis eveenfotermete 7 . Record, May 11, 1912 
Hotel McAlpin, New York..... ; . Record, Mar. 30, 1912 
Curtis Building, Philadelphia... : g. Record, July 9, 1910 
Office Building, Denver........ : Designed by the author 


Live Loads.—The live loads on floors are commonly given in pounds per square foot. The 
minimum live loads in pounds per square foot as required by the buildings laws of several cities 
are given in Table III. 

Mr. C. C. Schneider, M. Am. Soc. C. E., in his ‘‘General Specifications for Structural Work of 
Buildings’’ gives the following requirements for live loads on floors. 


“Table IV gives the ‘live’ load on floors, to be assumed for different classes of buildings. 
These loads consist of: (a) A uniform load per square foot of floor area; (b) A concentrated 
load which shall be applied to any point of the floor; (c) A uniform load per linear foot for girders. 
The maximum result is to be used in calculations. The specified concentrated loads shall also 
apply to the floor construction between the beams for a length of 5 ft.” 


¢ , LIVE LOADS. ail 


TABLE III. 
FLoors AND Roors. 
Minimum Live Loans, Pounps PER SQUARE Foot. 
By Building Laws of Various Cities. 
American Bridge Company. 


1913. 
(Proposed.) 


Kind of Building. 


Philadelphia, 
IOI3 
Baltimore, 
Pittsburgh, 
Cleveland, 
Chicago, 
San Fran- 


al 
°o 


Apartments 
Public Rooms* and Halls 
Assembly Halls 
Fixed Seat Auditoriums 
Movable Seat Auditoriums 
(Comugae OEY, | a Oe ee OO SI ocho ne Gaertner ie eae 
HTICeREL AIST, Ren lass lin dastoyis ase aieeckeema'ss 
Oe R Gomis twenty » tote (ctvepeleyctaneietsretviays faves & 
RACEHOCHOOISY, Mein dcie ee sams erlney sire 
MIsine ALES ae erent asa vafeuese als Bh. cier oionscs -s* apecsherensia puller viace 
Dwellings 
Public Rooms* 


Wire tPhoGrsie nce 2 otf fs shcrs sls eves suctiareinre as 
WB TGTS.5 GN ae ae aye Sie sik es ewes aoe, ole 
Orices Floors these aaitie wis erect ee sete a ws 
Public Rooms* 
Manufacturing 
Light Factories 
Mercantile. . 
Heavy Storehouses . 
Retail Stores 
Warehouses 
(QUITS. oo gut bday CRG eR een OLE ae een eae 
‘First Floor 
Corridors 
Schools (Class Rooms) . . 
Assembly Rooms—Halls . 
Sidewalks.. 
Stables—Carriage Houses. . 
Area less than 500 sq. ft.. 
DEAIRWAV GIANG Wud Gin GS: s.fy e\ereletieisietelersis e/= ojo. 
Brey Misa pesys cure eahch vale e ala seraeys, si chale erohe out 
Roofs—Flatt 
Horizontal Projection Steep Roofs..........}....+ 
Cilio ste Bll MiMSEKEME ace aceon pes opens ean ta Mepacl|narar 
WWiivciulenessunenrrn. «ceiver nici rite. cieteinye slave aalracne 


* Area greater than 500 square feet. 
¢ First Floors 200. 
t Slopes less than 20 degrees. 
§ Dead and live, except for one story steel frame buildings, corrugated iron roofs, 35 pounds. 
|| High Buildings, built up districts, 35 pounds; 14 stories or over, 25 pounds at tenth story, 23 
pounds less each story below. 
Figures for manufacturing establishments do not include machinery. 
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TABLE IV. 


TABLE OF LIVE LOADS, SCHNEIDER’S SPECIFICATIONS. 


Live Loads in Pounds. 


Load pér 
Concentrated Linear Ft. of 


Load. Load. Gide 


Classes of Buildings. Distributed 


Dwellings, hotels, apartment-houses, dormitories, hos- 

EINES Mae ao eeSecio Hoarice Euooeo chad BorGnagnsc 500 
Office buildings, upper stories.............--++.e0--- I 000 
Schoolrooms, theater galleries, churches I 000 
Ground floors of office buildings, corridors and stairs in 

Public Wuildiniesye.. \. sions. «= sleksrstoiarcey a elelsialees eles ele! = I 000 
Assembly rooms, main floors of theaters, ballrooms, Teen ee 

gymnasia, or any room likely to be used for drilling C roa 

On eliebheayrae Senokot ad de-crolos 0005 beatae sa0e osnmns 5° 
Ordinary stores and light manufacturing, stables and 

CATTIAPESNOUSES oye Sages sin, (2 sishtyo srerRuleeela eRe ea Eas 80 8 000 I 000 
Sidewalks in front of buildings................-..0-- 300 10 000 I 000 
Warehouses and factories...........+-+-++-+++-++++-++--| from 120 up Special Special 
Charging floors for foundries ye ie 


I 000 © 


f The actual weights of 
engines, boilers, stacks, 
Power houses, for uncovered floors ies shall be used, but in 


no case less than 200 lb. 
per sq. ft. 


“Tf heavy concentrations, like safes, armatures, or special machinery, are likely to occur on 
floors, provision should be made for them. For structures carrying traveling machinery, such 
as cranes, conveyors, etc., 25 per cent shall be added to the stresses resulting from such live load, 
to provide for the effects of impact and vibration.” 


Mr. Schneider’s method for live loads is the most rational method yet proposed. In the 
design of floor slabs when using this method the author has used an equivalent distributed load 
equal to twice the distributed loads in Table IV, and has omitted the concentrated load and load 
per lineal foot of girders. 

The floor loads on warehouses and the recommended floor loads per sq. ft. have been tabu- 
lated by the American Bridge Company in Table V. 

Wind Loads.—The wind loads required by different cities are given in Table III. 

Schneider’s specifications for wind load are as follows: 


“The wind pressure shall be assumed as acting in any direction horizontally: First.—At 20 
Ib. per sq. ft. on the sides and ends of buildings and on the actually exposed surface, or the vertical 
projection of roofs; Second.—At 30 lb. per sq. ft. on the total exposed surfaces of all parts com- 
posing the metal framework. The framework shall be considered an independent structure, 
without walls, partitions or floors.” 


Additional data on wind loads are given in Chapter I. 
Snow Loads.—The snow loads on roofs are given in Fig. 1, Chapter I. 


Schneider’s specifications require ‘‘A snow load of 25 lb. per sq. ft. of horizontal projection 
of the roof for all slopes up to 20 degrees; this load to be decreased 1 Ib. for every degree of increase 
of slope up to 45 degrees, above which no snow load is to be considered. The above snow loads 
are minimum values for localities, where snow is likely to occur. In severe climates these snow 
loads should be increased in accordance with the actual conditions existing in these localities.”’ 
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Minimum Roof Loads.—Schneider’s specifications contain the following: 


“In climates corresponding to that of New York, ordinary roofs, up to 80 ft. span, shall be 
proportioned to carry the minimum loads in Table VI, per square foot of exposed surface, applied 
vertically, to provide for dead, wind and snow loads combined: 


TABLE VI. 
Minimum Loaps on Roors. 

On boards, flat slope, 1 to 6, or less........-. 50 lb. 

Gravel or Composition Roofing {oa boards, steep slope, more than I to6...... 45 ‘ 
On 3-in. flat tile or cinder concrete........... 60 ‘ 

Corrugated sheeting, on boards or purlins...........00eseece cere eee eeeess GO “ 
Slate { On boards or purlins. 20. 0.00. ue eee teen ene et oboe age sinis sees 50m 
On 3-in. flat tile or cinder concrete... +... 5+. sees sete eee eee ee eee ees 65 “ 

Miles ouesteeh puclinss ... «cg Vaile sosnstecebayaxsyeiotelVo)teedatelel le err stere ete etepehe ate eae 55a 
LE en OMNES 2555 Sn otra eo GOT aro Stag art ae, ao 6 Gere o 45 “ 


“For roofs in climates where no snow is likely to occur, reduce the foregoing loads by 10 lb. 
per sq. ft., but no roof or any part thereof shall be designed for less than 4o lb. per sq. foes 

LIVE LOADS ON COLUMNS.—Schneider’s specifications require that: 

“Ror columns, the specified uniform live loads per square foot, Table IV, shall be used, 
with a minimum of 20,000 lb. per column. 

“For columns carrying more than five floors, these live loads may be reduced as follows: 

“For columns supporting the roof and top floor, no reduction; 

“For columns supporting each succeeding floor, a reduction of 5 per cent of the total live 
load may be made until 50 per cent is reached, which reduced load shall be used for the columns 
supporting all remaining-floors.”’ 


The Chicago Building Ordinance (1911) requires that live loads on walls, columns and piers 


be taken as follows: 
““(q), The full live load (see Table ITI) on roofs of all buildings shall be taken on walls, piers, 


and columns. 
“(b) The walls, piers and columns of all buildings shall be designed to carry the full dead 
loads and not less than the proportion of the live load given in Table VII. 


TABLE VII. 
PERCENTAGE OF LivE LoAD FOR COLUMNS. 
Chicago Building Ordinance (1911). 


T 7a LOM LS, 


85 per cent 


“(c) The proportion of the live load on walls, piers, and columns on buildings more than 
seventeen stories in height shall be taken in same ratio as the above table. 

“(q) The entire dead load and the percentage of live load on basement columns, piers and 
walls shall be taken in determining the stress in foundations.” 


FOUNDATIONS. 75 


LOADS ON FOUNDATIONS.—Schneider’s specifications require that: 


“The live loads on columns shall be assumed to be the same as for the footings of columns, 
The areas of the bases of the columns shall be proportioned for the dead load only. That founda- 
tion which receives the largest ratio of live to dead load shall be selected and proportioned for the 
combined dead and live loads. The dead load on this foundation shall be divided by the area 
thus found and this reduced pressure per square foot shall be the permissible working pressure to 
be used for the dead load for all foundations.” 


PRESSURE ON FOUNDATIONS.—The following allowable pressures may be used in 
the absence of definite data. No important structure should be built without the making of 
careful tests of the bearing power of the soil upon which it is to rest. 

The loads on foundations should not exceed the following in tons per square foot: 


Ordinaryaclayand(dry sandumixed “with Clay 1 exw trot sce Hie 6. ee oe etlueee cine 2 
ay acter nCl tsa gL IVa LEVY: sete Renstomeh hoeste set sire sv-alat eyavavensniedersieseussteie.aveie i exeuel avers apeiaua oe ieievoren @ 
ETA CEC Mt yaCILGe ILC OALBERSA I etera cits 2 are eee te mts 6 Fh ok Be alas 6 ve cia elerses ore 4 
PPM RCOALSErSANGANCISTAVEh< (gc: i «cide mrideisies ccc Se tiens sisccjeteecswiecceda 5 
Evel CREOC LM MeI aes st cletcna stetsiciere sc cate ai cus ore tee Aleseic lo sate st sisitic sores aes ai ose ig lewis ee ves 8 
FEMURS, ood6 ad edal del Gae on AAA SUA Re IAG ott ies Birr Sata re re ne 20 


For all soils inferior to the above, such as loam, etc., never more than one ton per square foot. 
The Chicago Building Ordinance (1911) requires that: 


“(a) If the soil is a layer of pure clay at least fifteen feet thick, without admixture of any 
foreign substance other than gravel it shall not be loaded to exceed 3,500 lb. per sq. ft. If the 
soil is a layer of pure clay at least fifteen feet thick and is dry and thoroughly compressed, it may be 
loaded not to exceed 4,500 Ib: per sq. ft. 

*(b) If the soil is a layer of firm sand fifteen feet or more in thickness, and without admixture 
of clay, loam or other foreign substance, it shall not be loaded to exceed 5,000 Ib. per sq. ft. 

“(c) If the soil is a mixture of clay and sand, it shall not be loaded to exceed 3,000 lb. per 
sq. ft. 

“Foundations shall in all cases extend at least four feet below the surface of the ground 
upon which they are built, unless footings rest on bed rock.” 


PRESSURE ON MASONRY.—The allowable stresses in masonry and pressures of beams, 
girders, column bases, etc. on masonry as given in Table VIII represent good practice. 


TABLE VIII. 
ALLOWABLE STRESSES IN MASONRY AND PRESSURES OF BEARING PLATES. 
Safe Stresses in Safe Pressures of Walls, 


Kind of Masonry. Masonry, Lb. per Plates and Columns on 
Sq. In. Masonry, Lb. per Sq. In. 


Common Brick, Portland Cement Mortar........ 
Hard burned brick, Portland Cement Mortar..... 
Rubble Masonry, Portland Cement Mortar 


First Class Masonry, Sandstone 

First Class Masonry, Crystallized Sandstone 

First Class Masonry, Limestone................- 
irst Class Masonry, Granite s....5......0...-.- 
Portland Cement Concrete, 1-2-4 

Portland Cement Concrete, 1-3-5 


BEARING POWER OF PILES.—The maximum load carried by a pile should not exceed 
40,000 lb. Piles should be driven not less than fo ft. in hard material, nor less than 20 ft. in soft 
material if the pile is to be loaded to full bearing. The safe load should not exceed that given by 
the Engineering News formula (1), Chapter XIV. 

THICKNESS OF WALLS.—The minimum thickness of curtain walls in steel skeleton 
buildings should be 12 in. for brick or concrete and 8 in. for reinforced concrete. 
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Schneider’s specifications give the following empirical rule for calculating the thickness of 
walls in buildings several stories in height. 
“The minimum thickness of walls will be given by the formula 


t= L/4+ (Ai + Ha +--+: +Hn)/6 


where # = minimum thickness of wall in inches, L = unsupported length in feet, which shall be 
assumed as not less than 24 ft.; and Hi, H», Hs, etc. the heights of stories in feet beginning at the 
top. Cellar walls are to be 4 in. thicker than the first story walls.” 

The Chicago Building Ordinance (1911) contains the following: 

“(a) Brick, stone, and solid concrete walls, except as otherwise provided, shall be of the 
thickness in inches indicated in the following table:” 


THICKNESS OF WALLS. 
Chicago Building Ordinance (1911). 


Stories. 


Basement. 
6 i 


One-story 


Three-story 
Four-story......... 
Five-story 
Six-stOry gnc eee 
Seven-story 
Eight-story........ 
Nine-story......... 
Ten-story 
Eleven-story....... 
‘Twelve-story 


WATERPROOFING.—For methods of waterproofing walls, floors, etc., see methods of 
waterproofing bridge floors in Chapter IV. 

CALCULATION OF WIND LOAD STRESSES.—(r1) The wind load on the sides of the 
steel frame in a building in which the wind bracing is all in the outside walls of the building will 
be carried to the ends of the building by means of bracing in the plane of each floor or by the floor 
slabs where the floors are made of reinforced concrete, and the loads will then be transferred to 
the foundations by means of bracing in the planes of the ends.of the building. In calculating the 
stresses in the bracing in the end panels it is usual to assume that the wind load carried by each 
braced bent, consisting of two columns, together with the floor girders and wind bracing, is equal 
to the total wind load divided by the number of braced panels in the plane. This was the method 
used in calculating the stresses in the Singer Tower, New York. (2) As usually constructed the 

- interior columns have brackets and only part of the wind load will be transferred to the ends or 
sides of the building, the remainder of the wind load will be transferred to the foundations by 
portal action and flexure in the columns and beams. _It is not possible to determine the proportion 
of the wind load that will be taken by the main framework and by the ends of the building, as the 
stresses in the framework are statically indeterminate. During erection and before the floors 
have been put in place, or with types of floors which do not increase the rigidity of the building in 
horizontal planes, the wind loads will all be taken by the framework normal to the side of the 
building upon which the wind blows. This wind load is commonly taken as 30 Ib. per sq. ft. of 
all framework exposed. When rigid floors have been put in place and the building is completed 
the wind load will be taken by the end transverse frames and the intermediate transverse frames, 
in proportion to the relative rigidity of the two frameworks. In a long narrow building with 
efficient wind bracing in the intermediate framework, practically all the wind load will be taken 
directly to the foundations by the transverse intermediate bents; while in the direction of the 
length of the building, practically all the wind load will be carried by the bracing in the sides of 
the building. For a building as long as wide with rigid floors and efficient transverse framework 
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and efficient wind bracing in the ends and sides of the building, it would appear reasonable to 
assume that in the completed building one-half the wind load will be taken by the intermediate 
transverse framework, and one-half will be transferred by means of the floors to the ends of the 
building and then transferred to the foundations by means of wind bracing in the ends of the 
building. The author's specifications permit reinforced concrete floors to be considered as assisting 
in transferring wind loads in finished buildings, but most specifications require that the steel 
framework be required to carry all the wind loads in the completed structure. 

The transverse intermediate framework usually consists of columns and floor girders, in 
which the floor girders have brackets or knee braces at the ends to increase the rigidity of the 
framework. It will be seen that it is not only impossible to calculate the amount of wind load 
that is taken by each intermediate transverse framework, but that the intermediate transverse 
framework is itself statically indeterminate. In addition to being statically indeterminate it is 
not possible to determine the sizes of the columns and floor girders until after the wind stresses 
are determined. With a given framework in which the sizes of the members and the loads are 
given the stresses may be calculated by taking into account the deformations of the structure or 
by the ‘‘Theory of Least Work.” From the above it can easily be seen that an exact solution of 
the wind stresses in a tall steel frame building is impracticable and that an approximate practical 
solution must be used. Three approximate methods for calculating the wind stresses in tall 
steel frame buildings are described by Mr. R. Fleming in Eng. News, March 13, 1913. The third 
method described by Mr. Fleming, and known as the “ Continuous Portal Method,’ follows the 
method of the continuous portal given in the author’s ‘‘ Design of Steel Mill Buildings” and is the 
method in most common use. This method will now be described and some of its limitations 
will be shown. 

Problem.—A transverse intermediate frame bent consisting of four columns with bracketed 
floor girders will be taken as in Fig. 1. The wind loads are assumed as acting in the planes of the 
floors as shown. It will be assumed: (1) That the framework is rigid, that is the columns and 
floor girders do not change their lengths. (2) That each of the four columns takes one-fourth 
of the shear. (3) That the points of contra-flexure in the columns are midway between the floors. 
(4) That the vertical components of the stresses in the columns vary as the distance from the 
center of the building, or center of gravity of the columns. 

The shear in each column between the 6th floor and the roof will be 1,000 Ib. The shear in 
each column between the 5th and 6th floors will be 2,500 lb. The shear in each column between 
the 4th and 5th floors will be 4,000 Ib. The shears in the other columns are shown in Fig. f. 
The bending moments at the tops of each column between the 6th floor and the roof is M = 
+ 1,000 lb. X 6 ft. = + 6,000 ft.-Ib. To calculate the vertical stresses in the columns in the top 
story take moments about a plane cutting the columns in the points of contra-flexure. Then 
since the stresses vary as the distance from the center of the building, 


Vi X 24 ft. + Ve X 8 ft. — Va X 8 ft. — Ve X 24 ft. 
= 4,000 lb. X 6 ft. 


= 24,000 ft.-Ib. 
Now 
Ve = Va = 32 = — 3V3, 
and 
V2(3 X 24 +8 +8+3 X 24) ft. = 24,000 ft.-lb 
<= BE OOU — => — 
a= a Ib. = 150 lb. Vs 
Vi; = 450 lb. = — Va. 
The bending moment in the floor girder at the top of column No. 1 must be M = — 6,000 


ft.-Ib., and will be equal to the vertical stress in column No. 1 multiplied by the distance to the 
point of contra-flexure. The point of contra-flexure in floor girder 2-3 will be at the center of 
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the panel, while the point of contra-flexure in floor girder 3-4 will be 13 ft. 4 in. from column 
No. 4. The bending moments at the top of column No. 2 will be Mz = + 6,000 ft.-Ib.; in the 
right end of floor girder 1-2 will be Mic = — 450 lb. X 2 ft. 8 in. = — 1,200 ft.-Ib.; in the left 
end of floor girder 2-3 will be Mz; = — 600 lb. X 8 ft. = — 4,800 ft.-lb. It will be scen that 
the sum of the bending moments equals zero and the point is in equilibrium. The bending 
moments at the tops of columns No. 3 and No. 4 are calculated in the same manner. The direct 
stress in floor girder 3-4 is 4,500 lb., in floor girder 2—3 is 3,000 Ib., and in floor girder 1-2 is 1,500 lb. 

In the plane of the 6th floor the bending moments at the foot of the columns between the 
6th floor and the roof will be M = + 6,000 ft.-lb., while the bending moments in the columns 
below the 6th floor will be M = 2,500 lb. X 6 ft. = + 15,000 ft.-lb. The bending moments in the 
floor girders are calculated as for the roof girders. It will be seen that the sum of the bending 
moments at each intersection of columns and floor girders equals zero and the structure is in 
static equilibrium. The remainder of the vertical stresses, horizontal stresses and bending 
moments are easily calculated in the same manner. 

Limitation of Method.—When the transverse framework consists of more than four bays 
(five columns) the solution above locates the point of contra-flexure of the leeward floor girder 
in the second panel, and the method fails, as the point of contra-flexure in the girder must not 
fall outside of the girder. For a wide building the shears cannot be taken equal. 

Distribution of Shears.—In the above solution it is assumed that the shear is taken equally 
by the columns. If the columns do not have the same cross-section this assumption will not be 
correct. If the columns do not have the same cross-section the condition that the deflection of 
the points of contra-flexure in each story are equal will require that the shears in the columns 
be in proportion to the moments of inertia of the cross-sections of the columns. 

For buildings having a greater width than four bays the most consistent method is to calcu- 
late the shear in the outside columns so that the points of contra-flexure in the floor girders will 
not fall outside the girder, the remainder of the shear being equally divided among the inside 
columns. 

ALLOWABLE STRESSES.—The allowable stresses in the steel framework of high buildings 
should be taken the same as for steel frame buildings in Chapter I. It is usual to add 25 per cent 
to the live load stresses due to cranes and vibrating machinery to provide for impact. 

Comparison of Compression Formulas.—The standard formula for the design of compression 
members adopted by the Am. Ry. Eng. Assoc., is used by the author in his “Specifications for 
Steel Frame Buildings” in Chapter I, and by the building ordinance of Chicago. The A. R. E. A. 
formula is 

P = 16,000 — 701/r (1) 


where P = unit stress in Ib. per sq. in.;/ = length andr = least radius of gyration of the column 
in inches. The maximum value of P is taken as 14,000 Ib, 

The American Bridge Company’s Formula.—The American Bridge Company has adopted 
the following formula for the design of compression members. 

Axial compression of gross sections of columns, for 


Pvt’ Hie Whoa) MAO: ac 6 aa aoeqocases,o me He nOoSBomoO ane GuOP 19,000 — 1001/7 
(ia Elipeb hihitelG) te co oe Go mlob oe Gilg dian onc dite dado oom eee oro 13,000 


Amount. io. Amount. 


13000 6500 
12000 6000 
11000 5500 


10000 5000 
gooo 4500 
8000 4000 
7000 3500 
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where / = effective length of members in inches, 
r = corresponding radius of gyration of section in inches. 
For ratios of J/r up to 120, and for greater ratios up to 200, use the amounts given in the 
preceding table. For intermediate ratios, use proportional amounts. 
A comparison of several compression formulas is given in Table IX. 


TABLE IX. 


COMPARISON OF COMPRESSION FORMULAS. 
ALLOWABLE UNIT STRESSES IN POUNDS PER SQUARE INCH. 
American Bridge Company. 

A. R. E, Ass’n. 


Chicago. Gordon. New York. Philadelphia. 
Ketchum. 


iS 16,250 
16,000-70 i . 15,200-s8. P 


te aT a ee 
14,000 max. 36,000 r? + 11,000 r? 


I 


14 000 12 500 
14 000 12 490 
14 000 12 460 
12 420 
365 
285 
195 
090 
970 
835 
690 
530 
365 
185 
000 
810 
615 
410 
205 
995 
785 
570 


HHOwoOWHh PPPRUM UW AAA QIN ODOO 


FLOOR PLAN OF STEEL OFFICE BUILDING. 81 


TABLE [X.—Continued. 


Maximum Ratio of 1/r. 


Name of Formula. Abbreviation. 
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CAST /RON BEAM SEPARATORS 
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DETAILS OF FRAMEWORK.—The framework of a steel skeleton building consists of 
floorbeams and floor girders which carry the floor loads to the columns, of columns which carry 
the loads to the foundations and of foundations which transfer the loads to the earth; the columns 
are braced transversely and longitudinally by wind bracing and by means of the floor girders, 
and the roof is carried on trusses or on foof beams or purlins. There is in addition miscellaneous 
framing to carry the outside walls and the cornice, and the framing around elevators, etc. For 
additional details, see Chapter XII, Structural Drafting. 
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Floor Plan.—The floor is carried on floorbeams to the floor girders and by the floor girders 
to the columns. A detail plan of a section of a floor plan of a steel skeleton building is shown in 
Fig. 2. The floorbeams, girders and columns are numbered as shown. 

Details of floorbeams for an eight story steel office building are given in Fig. 3. For addi- 
tional details of rolled beams and bracing, see Chapter XII. Details of cast separators are given 
in Fig. 4. P 

Columns.—Details of steel columns that are commonly used in steel skeleton buildings are 

given in Fig. 5. The built-H columns made of 4 angles and 1 plate or of 4 angles and 3 or 5 plates 
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as given in (1) and (2) are the most satisfactory columns for usual conditions. The Bethlehem 
H columns in (11) and (12) make very satisfactory columns. While the Bethlehem H columns 
require the driving of less rivets than are required to fabricate built-H columns, the extra cost 
required to drill from the solid in heavy Bethlehem H columns makes the final cost of the two 
types of columns practically the same for average conditions. Columns made of two channels 
laced are deficient in lateral rigidity and should only be used for light loads. Z-bars are difficult 
to obtain from the rolling mill and Z-bar columns should not be used unless it is known that 
Z-bars can be obtained. Additional sections are given in Fig. 14. 

Column Schedule.—A column schedule should be prepared as in Fig. 6. The column schedule 
should give the length, area of cross-section and the composition of every column in the building. 
For the use of the shop draftsmen the dead load, wind load and eccentric stresses should be given 
for each column. 

Column Details.—Standard details for channel columns and for plate and angle columns are 
given in Fig. 7. Details of channel columns are given in Fig. 8. Details of plate and angle 
columns are given in Fig. 9 and Fig. 10. Details of column splices are given in Fig. 11 and Fig. 12. 
Details of a column used in the Singer Building are shown in Fig, 27. 

Column Bases.—Details of cast iron column bases as designed by the American Bridge 
Company are given in Fig. 13 and Fig.14. Intermediate sizes may be obtained by interpolation. 
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Details of a cast steel column base used in the Singer Building are shown in Fig. 15. Details 
of a built steel column base designed by Mr. E. W. Stern, Consulting Engineer, are shown in Fig. 16 
Mr. Stern considers the built steel column base as cheaper and more reliable than a cast steel 
base; and cheaper and very much more reliable than a cast iron base. In addition the base is 
easily set and readily grouted. After setting, the base is grouted with 1 to 2 Portland cement 
mortar. Bases of this design have been used for loads up to 1,600 tons. 

Anchors.—Details of anchors are given in Fig. 17. Anchors for columns in tall buildings 
should be calculated for the actual conditions. ; 

FOUNDATIONS.—tThe foundation for a tall building will depend upon the height of the 
structure, the total load.on the foundation, the character of the soil, and the requirements of the 
design and may be briefly described as follows. 

(1) Ordinary wall or pier foundations built on the natural soil. 

(2) Walls and columns supported by timber grillage resting on the soil. 

(3) Walls and columns supported on grillages made of steel beams or bars encased in concrete 
and resting on the soil. 

(4) Piles of timber or concrete driven to rock or to a sufficient depth to carry the loads without 
settlement. : 

(5) Caissons as constructed in Chicago by excavating in an open well or shaft, curbing it 
with timber, and then filling the well with concrete. ; 

(6) Caissons as constructed in New York by sinking steel cylinders, or steel and timber 
caissons, or reinforced concrete caissons, usually by the pneumatic process and filling the shaft 
with concrete. The first type of foundation, where the soil iscompressible, can only be used for 
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buildings of four to six stories, but may be used for buildings of twelve to fifteen stories where the 
supporting power of the soil is considerable as in Denver. With high buildings the footings 
become so large as to be very expensive and also encroach upon the basement area. 

Timber grillage and timber piles must be kept permanently wet or the life of the foundation 
will be very short. Many of the early tall buildings in Chicago were carried on timber grillages 
and on timber piles, but the settlement of the structures was so great that the method was 'aban- 
doned for the method of concrete wells. 

Steel grillage foundations have been much used for high buildings. With steel grillage the 
foundations may be made very shallow so that the basement is not encroached upon. 
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In cities like Chicago and New York where real estate is so valuable that basements are 
often made three or four stories in depth, and where nearby disturbances due to excavations and 
tunneling would cause settlement it has been found necessary to carry the foundations to rock 
by means of wells or pneumatic caissons. In Chicago the wells commonly vary from 5 ft. to 
12 ft. in diameter and are sunk in the open and are lined with timber curbing. After bed rock is 
reached the well is filled with concrete. 

For a description of the sinking of the foundations for buildings in New York City, see a paper 
entitled “Foundations for the New Singer Building, New York City” by Mr. T. Kennard Thom- 
son, Consulting Engineer, in Trans. Am. Soc. C. E., Vol. 63, June, 1909. 

SPACING OF COLUMNS.—The spacing of columns in steel frame buildings varies from 
about 11 ft. to 24 ft., depending upon the height of the building, the floor loads, the type of floor 
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and other conditions. For buildings a few stories in height it is economical to space the columns 
closely together, while in high buildings a spacing of 16 ft. to 20 ft. will commonly be found eco- 
nomical. The columns in the Singer Tower in Fig. 22 were spaced 12 ft. centers; the columns in 
the Guaranty Trust Company’s New York Building, 162 ft. high were spaced about 16 ft. by 16 
ft. and 21 ft. 6 in. by 19 ft. 9 in.; the columns in the Woolworth Building, New York, were spaced 
at distances varying from 18 ft. 6 in. by 18 ft. 6 in. in the main part to a maximum of 28 ft. by 
28 ft. in the tower, 
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FLOOR PANELS.—For the long span system, floor girders connect the columns forming a 
square or rectangle, the floor slabs being supported on the floor girders. For the short span 
system, floorbeams are carried by the floor girders and the spans for the flooring are reduced. The 
spacing of the floorbeams will depend upon the type of floor, but it will commonly be found eco- 
nomical to use an even number of floorbeams giving an odd number of short spans in each panel. 
A common arrangement is to use two floorbeams which divide each panel into three short spans. 


100 STEEL OFFICE BUILDINGS. Cuap. II. 


SPANDREL SECTIONS.—The design of the curtain walls that are supported by the spandrel 
beams will depend upon the material of which the wall is built, the amount and character of the 
ornamentation, and the details of the windows. The details of the wall construction in the 
United Fire Company’s Building, New York, are given in Fig. 18. The spandrel masonry is carried 
by the wall girders and by horizontal angles bracketed from their outer faces. The angles in the 
outer flanges of the wall girders are often wider than those in the inner flanges to give additional 
support to the masonry, and both they and the detached spandrel angles have holes through their 
horizontal flanges to receive vertical:expansion and wedge bolts to hold the stone or terra- 
cotta. The mullions over the windows are made of 3 in. by 4 in. tees. 
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The details of the spandrel walls should be worked out by the architect and the engineer 
working together if the best results are to be obtained. 

WIND BRACING.—The arrangement of the wind bracing in a steel frame building will 
depend upon the size and height of the building, upon the arrangement of the columns and the 
space that may be occupied by the wind bracing. Several types of wind bracing are shown in 
Fig. 19. Where space permits the diagonal bracing is the most effective. Diagonal bracing can 
only be used in solid walls or partitions. Knee braces (b) and portal bracing (c), can be used 
in outside walls where there is sufficient space above and below windows. Brackets (d) are 
used where the vertical clearance is limited and in wind bracing transversely through the building. 
Details of wind bracing of the United Fire Company’s Building, New York, are given in Fig. 20 
and Fig. 21. The building is 130 ft. 6 in. by 173 ft. 6 in. in plan and 25 stories in height. The 
columns are of Bethlehem H sections two stories in height. The floor panels are chiefly 15 ft. 
6 in. by 24 ft. 3 in. The columns rest on grillages which rest on pneumatic piers. 

Details of the wind bracing in the Singer Building are given in Fig. 24, Fig. 25, and Fig. 26, 
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SINGER BUILDING.*—The Singer Building consists of a main portion approximately 75 ft. by 
116 ft. in plan and 14 stories high, and a tower 60 ft. by 60 ft. in plan and 41 stories high with a 
four tier lantern which rises to a total height of 612 ft. The building is of skeleton steel con- 
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struction, fireproofed with terra-cotta tiling and provided with terra-cotta floor systems surfaced 
with cement. The columns are carried on concrete footings sunk by the pneumatic process to a 
depth of 90 feet. The columns are spaced 12 ft. centers and are connected at right angles by 


* Engineering News, Vol. 58, pp. 595 to 598. 
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girders and floorbeams. A typical floor plan of the tower is shown in Fig, 22. The columns are 
made of two channels, reinforced with plates where necessary. Details of a typical column are 
shown in Fig. 27. The wind bracing of the steel frame is shown in Fig. 24. A plan of the wind 
bracing in the tower is shown in Fig. 25. The panels that have heavy full lines were wind braced 
to the 33d story on the exterior and to the 36th story on the interior. Heavy dotted lines indi- 
cate wind bracing to the 14th story. Fine lines indicate no diagonal bracing. Circles on diagonal 
intersections represent anchor bolts. In designing the bracing the loads were distributed as 
follows:—It will be noticed that in a north and south direction there are 11 lines of wind bracing 
in the tower, nearly symmetrically placed. It was therefore assumed that on each story each 
line of X-bracing took #y of the total wind pressure of 30 lb. per sq. ft. The loads on the bracing 
in-an east and west direction were distributed in a similar manner. The details of the X-bracing 
are shown in Fig. 26. Each of the 12 ft. square towers was assumed to act independently and 
cae uplift of the columns was provided for. 


SPECIFICATIONS FOR STEEL OFFICE BUILDINGS. 
BY 


MILO S. KETCHUM, 
M. Am. Soc. C. E. 


1914. 


1. Design.—In all steel frame or skeleton buildings the stresses due to external and internal 
loads and wind stresses shall be transmitted to the foundation by the steel framework, no reliance 
being placed on the strength of the walls and partitions. Beams and girders shall have riveted 
connections to the steel columns. All columns shall be of structural steel with their different 
parts riveted together and shall be riveted to the beams and girders connecting to them. 

2. LOADS.—The structure shall be designed to carry the following loads. 

* 3. Dead Loads.—The dead load shall consist of the weight of all permanent construction 
and fixtures, such as walls, roofs, interior partitions, and fixed or permanent appliances. The 
weights of different materials shall be assumed as given in Table I. The minimum weight of 
fireproof floors to be assumed in designing the floor system shall be 75 lb. per sq. ft. The actual 
weight of floors shall be used in designing columns. The minimum weight of movable partitions 
shall be taken as 10 Ib. per sq. ft. 

4. Live Loads.—The live load shall consist of movable loads and loads due to machinery 
and other appliances. 

The live loads required by Schneider’s specifications and given in Table IV shall be used 
for the different classes of buildings. The maximum stresses due to any one of the three systems 
of loads shall be used in the design. Floor slabs for office buildings may be designed for a uniform 
load equal to twice the distributed load given in the second column of Table IV, and the effect 
of the concentrated load may be neglected. The concentrated load and load per linear foot of 
girder shall be considered in the design of all beams and girders. Flat roofs of office buildings, 
hotels, etc. that can be loaded by crowds of people shall be designed as the floors. 

5. Impact.—For structures carrying traveling machinery such as cranes or conveyors, or 
machinery such as printing presses, 25 per cent shall be added to the stresses resulting from live 
load to provide for impact and vibrations. 

6. Snow Loads.—The snow loads on roofs shall be taken the same as for steel frame mill 
buildings, Fig. 1, Chapter I. 

7. Wind Loads.—All structures shall be designed to resist the horizontal wind pressure on 
the surface exposed above surrounding buildings as follows. 

a. The wind pressure on roofs shall be taken as the normal component, calculated by Duchem- 
in’s formula, Fig. 3, Chapter I, of 30 lb. per square foot on the vertical projection of the roof. 

b. The wind pressure on the sides and ends of buildings except as otherwise provided in the 
following paragraph shall be assumed as 20 Ib. per square foot acting in any direction horizontally. 

c. In designing the steel or reinforced concrete framework of fireproof buildings the frame- 
work shall be designed to resist a wind pressure of 30 Ib. per square foot acting on the total exposed 
surface of all parts composing the framework or a horizontal wind pressure of 20 Ib. per square 
foot acting in any direction horizontally on the sides and ends of the completed building. The 
strength of reinforced concrete floors may be considered in calculating the strength of the frame- 
work in the completed structure. The framework before the structure has been completed shall 
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be self-supporting without walls, partitions or floors. In no case shall the overturning moment 
due to wind pressure exceed 75 per cent of the resisting moment of the structure. In the calcu- 
lations for wind bracing the working stresses for dead and live loads may be increased 25 per 
cent providing the sections are not less than required for dead and live loads. Chimneys shall 
be designed to resist a wind pressure of 20 lb. (3 of 30 lb.) per square foot acting on the vertical 
projection of the chimney. Curtain walls carried on the framework of steel or reinforced concrete 
buildings shall be designed to resist a horizontal pressure of 30 Ib. per square foot acting hori- 
zontally on the outside of the entire surface of the wall. 

8. Minimum Loads on Roofs.—Roofs shall be designed for the minimum loads specified by 
Schneider and given in Table VI. 

9. Live Loads on Columns.—For columns carrying more than five floors, the live load may 
be reduced as follows: 

For columns supporting the roof and top floor no reduction. 

For columns supporting each successive floor a reduction of 5 per cent of the total live load 
may be made until 50 per cent is reached, which reduction of the load shall be used for the columns 
supporting all remaining floors. No column shall, however, be designed for a live load of less 
than 20,000 Ib. The above reduction is not to apply to the live load on columns of warehouses, 
and similar buildings which are liable to be fully loaded on all floors at the same time. 

10. Loads on Foundations. The loads on foundations shall not exceed the following in 
tons per square foot: 


Ordinary clay and dry sand mixed with clay............00c0cceececceee 2 
Dry sand ‘and dry clay. psoeeene eee ee eee 3 
Hardiclay and firm ,|coarse/sandsa tae ene ann nn ee 4 
Coarse sand'and gravel {i aoe tect footer ee ean ae 5 
Shiale rOck: a4, be ii oanays ap tepals PE a ee fae eae 8 
Hardrock: Pranic doo eimee ns teen ee ee on ae oe 20 


For all soils inferior to the above, such as loam, etc. never more than I ton per square foot. 

The loads on foundations shall be assumed to be the same as for the footings of columns. 
The area of the bases of the foundation shall be proportioned for the dead load only as follows. 
That foundation which has the largest ratio of live load to dead load shall be selected and pro- 
portioned for the combined dead and live loads. The dead load on this foundation shall be 
divided by the area thus found, and this reduced pressure per square foot shall be the permissible 
pressure to be used for the dead loads of all foundations. 

11. Pressure on Masonry and Wall Plates——The maximum pressure on masonry and wall 
plates shall not be greater than the values given in Table VIII. : 

12. Bases.—Structural steel columns shall rest on either cast iron, cast steel or built steel 
bases proportioned so as to distribute entire load of the column on the concrete or masonry founda- 
tion. Columns carrying wind stresses shall be firmly anchored with at least two anchor bolts 
to a mass of concrete whose weight is at least 1} times the up-lift in the column. All columns 
shall be properly secured to the bases. 

13. Shape of Foundations.—Foundations under columns shall be symmetrical except under 
wall columns, where the center line of the column must lie within the middle third of the founda- 
tion. In this case the average intensity of the pressure on the soil shall not exceed one-half the 
safe load allowed for a symmetrical section. In cases where the wall column load exceeds the 
above safe loads the column must rest upon a steel or reinforced concrete girder or cantilever 
having a column or columns at the inner end. The foundation shall then be designed for the 
combined loads. : 

14. Rolled Beams.—The depth of rolled beams in floors shall be not less than one-twentieth 
of the span, and if used as roof purlins not less than one-thirtieth of the span. In case of floors 
subject to shocks and vibrations the depth of beams and girders shall be limited to one-fifteenth 
of the span. If shallower beams are used the sectional area shall be increased until the maximum 
deflection is not greater than that of a beam having a depth of one-fifteenth of the span, but the 
depth of such beams shall in no case be less than one-twentieth of the span. 

15. Expansion.—Provision shall be made for expansion and contraction corresponding to a 
variation of temperature of 150 degrees Fahr. where necessary. Expansion rollers shall not be 
less than 4 inches in diameter. 

16. Cast Iron.—The allowable stresses in cast iron shall be as follows: 


Compression = 12 000 Ib. per sq. in. 
Tension = 2 500 lb. per sq. in. 
Shear = I 500 lb. per sq. in. 


17. Steel Columns.—Columns shall be of rolled or built sections. No wall column or column 
with eccentric loads shall be used which does not have at least one solid plate or web of metal in or 


oe 


— 
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parallel to the plane of eccentric stress. Columns shall have a minimum length equal to two 
stories; and splices on adjacent columns shall preferably be made at different stories unless the 
building is symmetrical about a middle line of columns, in which case for ease in construction 
similarly situated columns may be made alike. Columns shall be designed so as to provide for 
effective connections for floorbeams, girders and brackets. The splices shall be strong enough 
to resist the bending stresses and make the columns practically continuous for their entire length. 
The splices of columns shall be riveted. 

18. Roof Trusses.—Roof trusses shall be of steel and may have either pin or riveted con- 
nections, and shall be of such design that the stress in each member may be calculated. Roof 
trusses shall be braced in pairs and each pair of trusses shall be rigidly connected by lateral and 
transverse bracing. Purlins shall be made of shapes, or riveted plate or lattice girders. Trussed 
purlins will not be allowed. Main members of trusses shall be designed so that the neutral axes 
of intersecting members shall meet in a common point, or if this is not possible the eccentric 
stresses shall be calculated and provided for. 

19. Floorbeams.—Floorbeams shall generally be rolled steel beams and shall be riveted to the 
floor girders by means of connection angles. Floor girders may be rolled beams or plate girders 
and shall be riveted to columns by means of connection angles. Shelf angles may be provided 
for convenience during erection. 

The flange plates of all girders shall be limited in width so as not to extend beyond the outer 
line of rivets connecting them to the angles, more than 4 inches, or more than 8 times the thickness 
of the thinnest plate. For fireproof floors, floorbeams shall generally be tied together with tie 
rods at intervals not to exceed 8 times the depth of the beams. Tie rods are not required with 
reinforced concrete floors where the reinforcement is rigidly fastened to all outside beams and 
girders. Holes for tie rods, where the construction of the floor permits, shall be spaced 3 inches 
above the bottom of the beam. 

Where more than one rolled beam is used to form a girder, they shall be connected by cast 
iron or steel separators and bolts spaced at intervals of not more than § feet. All beams having a 
depth of 12 inches and more shall have at least 2 bolts to each separator. 

20. Wall Plates.—Bearing stones of granite, crystalline sandstone, or metal plates shall be 
used to reduce or distribute the pressure on the wall under the ends of wall beams, girders and 
trusses. 

21. Wall Anchors.—The wall ends of beams, girders, and columns shall be anchored securely 
to give rigidity to the structure. ¢ 

22. Minimum Thickness of Metal.—No plate or rolled section, having a thickness of less 
than } in. shall be used except for fillers. 

23. Bracing.—Lateral, longitudina! and transverse bracing shall preferably be composed of 
rigid members. 

24. Material.—All parts of the structure shall be of rolled steel except column bases, bearing 
plates, separators or minor details which may be of cast iron or cast steel. The steel shall be 
made by the open-hearth process. All rolled steel, cast steel and cast iron shall comply with the 
“Specifications for Structural Steel for Buildings” adopted by the American Society for Testing 
Materials and printed in Chapter XV. 

25. Stresses.—All parts of the structural framework shall be designed for the same unit 
stresses as for steel frame buildings given in sections 32 to 46 inclusive of “Specifications for 
Steel Frame Buildings” in Chapter I. ; 

26. Details of Construction.—The details of construction shall comply with the specifications 
for steel frame buildings given in sections 78 to 117 inclusive of ‘Specifications for Steel Frame 
Buildings,’ in Chapter I. : 

: 27. Workmanship.—The workmanship shall be equal to the best practice in modern bridge 
works and shall comply with sections 143 to 186 inclusive of “Specifications for Steel Frame 
Buildings” in Chapter I. 

28. Inspection and Testing at Mill and Shop.—The specifications are the same as given in 

sections 187 to 193 inclusive in ‘‘Specifications for Steel Frame Buildings” in Chapter I. 


ERECTION. 


29. Tools.—The contractor shall furnish at his expense all necessary tools, derricks, hoists, 
staging and material of every description required for the erection of the work, and shall remove 
same when the work is completed. 

30. Risks.—The contractor shall assume all risks from storms or accidents, unless caused by 
the negligence of the owner, and all damage to adjoining property and to persons until the work 
is completed and accepted. 

* 31. The contractor shall comply with all ordinances or regulations appertaining to the work. 

32. Details of Erection.—The structural steel and iron work shall be erected as rapidly as 
the progress of the other work on the building will permit. Bases, bearing plates and ends of 
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girders which require to be grouted, shall be supported exactly at the proper level by means of 
steel wedges. Structural steel and ironwork shall be set accurately to the established lines and 
levels. The steel and iron must be plumb and level before riveting is commenced and must be 
kept in position until final completion. Temporary bracing shall be provided to resist the stresses 
due to derricks and other erection equipment. Elevator shafts shall be plumbed from top to 
bottom with piano wire. Riveted connections shall be carefully drawn up before riveting is 
commenced. Not less than one-third the holes shall be filled with field bolts, drawn up tight. 
All field connections shall be riveted. Pneumatic hammers shall be used in driving field rivets. 
Rivets must have a sufficient length to completely fill the holes and to form full heads, Rivets 
must be tight with full concentric heads. Loose or imperfect rivets must be cut out and redriven, 
recupping or calking will not be permitted. Holes which will not admit a cold rivet must be 
reamed. Where bolts are permitted, washers not less than 7 in. thick shall be used under the 
nuts, the nuts shall be drawn tight and the threads checked with a chisel. Connections to cast 
iron and for separators in steel beams may be bolted. 


REFERENCES.—For the details of the design of tall buildings the following books may be 
consulted: Kidder’s ‘Architects and Builders Pocketbook”; Freitag’s ‘“‘Fire Prevention and 
Fire Protection”; Freitag’s ‘‘ Architectural Engineering”; Ketchum’s ‘‘The Design of Steel Mill 
Buildings.” 

For a full discussion of foundations for steel office buildings, see Jacoby and Davis, “‘ Founda- 
tions of Bridges and Buildings,” published by McGraw-Hill Book Co. 


CHAPTER ITI. 
STEEL HIGHWAY BRIDGES. 


Definition.—A truss is a framework composed of individual members so fastened together 
that loads applied at the joints produce only direct tension or compression. The triangle is the 
only geometrical figure in which the form is changed only by changing the lengths of the sides. 
In its simplest form every truss is a triangle or a combination of triangles. The members of the 
truss are either fastened together with pins, pin-connected, or with plates and rivets, riveted. 

Types of Truss Bridges.—The bridge in Fig. 1 consists of two vertical trusses which carry 
the floor and the load; of two horizontal trusses in the planes of the top and bottom chords, re- 
spectively, which carry the horizontal wind load along the bridge, and of cross-bracing in the planes 
of the end-posts, called portals, and in the planes of the intermediate posts, called sway bracing. 


“a ve fl0 


Fic. 1. DIAGRAMMATIC SKETCH OF A THROUGH PRATT TRUSS HIGHWAY BRIDGE. 


The floor is carried on joists or stringers placed parallel to the length of the bridge, and which are 
supported in turn by the floorbeams. The names of the different parts of the bridge are shown 
in Fig. 1. The main ties, hip verticals, counters and intermediate posts are together called 
“webs.” The bridge shown in Fig. 1, is a through pin-connected highway bridge of the Pratt 
type, the traffic passing through the bridge. Ina deck bridge the roadway floor is carried on top 
of the main trusses. The bridge shown has square abutments; if the abutments are not at right 


107 


108 STEEL HIGHWAY BRIDGES. — Cuap. III. 


angles to the center line the bridge is called a ‘‘skew” bridge. Short span highway and railway 
bridges have low trusses and no top lateral system nor portals, as in Fig. 2. Ina railway bridge 
the loads are carried to the panel points by stringers resting on or riveted to the floorbeams. 


—Fiate Beary Hanger fnd View U 
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Quarter Top Plan Quarter Bottorn Plan. 


Cross Section 


Fic. 2. PLAN or A Low or ‘‘Pony” Truss Highway BripGE. 


' The simplest type of bridge is the beam bridge, (a) Fig. 3. Beam bridges commonly consist 
of I beams which span the opening, and are placed near enough together to carry the floor of the 


(a) Beam Bridge. (da) Low Warren Truss-. 


ZA X A NS 


(b)Beam Leg Bridge. — (e) Low Pratt Truss. Half Hip. 


(c) Truss Leg Bridge. (4) Low Pratt Truss. full Slope. 


Fic. 3. Types or SHort SPAN HiGHWAY BRIDGEs. 


bridge. Where foundations are relatively expensive the beams may be carried on posts as in 
(b), Fig.3. A truss leg-bridge is shown in (c), Fig. 3. Types (b) and (c) unless constructed with 
great care make inferior structures and are not to be recommended. A Warren truss is a combi- 
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nation of isosceles triangles as shown in (d), Fig. 3 and in (c) and (d), Fig. 4. The Pratt truss 
has its vertical web members in compression while its diagonal web members are in tension, as 
shown in (b), Fig. 4. The Warren truss is commonly built with riveted joints while the Pratt 
truss is usually built with pin-connected joints. The Warren low truss with riveted joints as 
shown in (d) is generally preferred in place of the low Pratt truss in either (e) or (f), Fig. 3. The 
Howe truss has its vertical web members in tension, and its inclined web members in compression 
as shown in (a), Fig. 4. The upper and lower chords and the inclined members of a Howe truss 
are commonly made of timber, while the vertical tension members are iron or steel rods or bars. 


DANN NG ANNONA 


(@) THrouct HOWE Truss (® Throvcn PeatT Truss 
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() ThRouUGH WARREN TRUSS (2) QUADRANGULAR THROUGH WARREN TRUSS 
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() Throvcr Perir Truss (j)K-Truss 


Fic. 4. Types or High Truss STEEL BRIDGES. 


The Whipple truss, (e) Fig. 4, is a double intersection Pratt truss. This truss was designed 
to give short panels in long spans which have a considerable depth. The stresses in the Whipple 
truss are indeterminate for moving loads, and its use has been practically abandoned, the Balti- 

_ more truss, (g) Fig. 4 being used in its place. The quadrangular Warren truss with riveted joints 
is used by the American Bridge Company as a standard truss for through highway bridges, with 
spans of from 80 to 170 ft. Like the Whipple truss its stresses are indeterminate for moving loads. 

For spans of from, say, 170 to 240 ft. it is quite common to use pin-connected trusses of the 
Pratt type having inclined chords as in (f), Fig. 4. The K-bracing in (h) or (j) is more economical 
of material and gives smaller secondary stresses than the subdivided bracing in (g) and (i), and 
is rapidly replacing both forms of bracing shown. 

The Baltimore truss, (g) Fig. 4, is a Pratt truss with parallel chords in which the main panels 
have been subdivided by an auxiliary framework. The auxiliary framework may have struts 
as in (g), or ties as in (i), Fig. 4. The Baltimore truss with inclined upper chords, (i) Fig. 4, is 
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called a Petit truss. Baltimore and Petit trusses are statically determinate for all conditions 
of loading; are economical in construction and satisfactory in service, and have almost entirely 
replaced the Whipple truss for long span bridges. 

The types of simple bridge trusses described above are those that are in the most common 
use, although quite a number of other types of trusses have been used and abandoned. 

Beams and Plate Girders.—For spans of, say, 30 ft. and under rolled beams are often used to 
carry the roadway, while for spans from about 30 to 100 ft. plate girders are used for city bridges. 
When the roadway is carried on top of the girders, the bridge is called a deck plate girder bridge, 
and when the roadway passes between the girders, the bridge is called a through plate girder 
bridge as in Fig. 19. 


_ @ SWING BRIDGE, CENTER BEARING (5) Swine BRIDGE, TURNTABLE BEARING 


Fic. 5. Swinc BRIDGES. 


Swing Bridges.—Swing bridges may be made of plate girders or trusses, and may turn on a 
center pivot as in (a), or on a turntable supported on a drum as in (b), Fig. 5. The center pivot 
swing bridge has two spans continuous over the pivot support, while the turntable swing bridge 
has three spans ordinarily continuous over the middle supports. : 

Steel Arches.—Steel arch bridges are made (1) with three hinges, (2) with two hinges, and 
(3) without hinges, and may have solid webs, or spandrel or open webs. 

Cantilever Bridges.—A cantilever bridge consists of two anchor spans, which support a 
suspended or channel span. The shore ends of the anchor spans are anchored to the shore piers 
and are supported on the river piers. : 

Suspension Bridges.—In a suspension bridge the roadway is supported by hangers attached 
to the main cables. Stiffening trusses are placed above the plane of the roadway to assist in 
distributing the live loads and for the purpose of increasing the rigidity of the structure. 

Simple truss bridges, beam and plate girder bridges, only, will be considered in this book. 

TYPES OF STRUCTURE.—The types of structure for steel highway bridges as recommended 
by the author are given in section 3, ‘‘ General Specifications for Steel Highway Bridges,” printed 
in the last part of this chapter. 

The following data will show present standard practice. 

Illinois Highway Commission.—The types of highway bridge recommended by the commis- 
sion are as follows: 

Concrete Bridges —For culverts requiring a waterway of 12 square feet or less, plain or rein- 


forced concrete arch culverts or square culverts, reinforced concrete pipes or double strength cast- 
iron pipe. 


For culverts having an area of more than 12 square feet, and for bridges having a span up to- 


30 ft., reinforced concrete slabs, plain or reinforced concrete arches. 

For spans of 30 ft. to 65 {t., reinforced concrete through or deck girders, plain or reinforced 
concrete arches. , 

For spans greater than 65 ft., plain or reinforced concrete arches. 

Steel Bridges.—For spans of 12 ft. to 45 ft., steel I-beams; for spans of 30 ft. to roo ft., plate 
girders or riveted pony trusses; for spans of go ft. to 160 ft., riveted trusses with parallel chords; 
for spans of 160 ft. and more, riveted or pin-connected trusses with parallel or inclined upper chords. 

Iowa Highway Commission.—The types of highway bridges recommended by the commission 
are as follows: : é 

Concrete Bridges.—Box culverts for spans up to 16 ft.; slab bridges for spans from 14 ft. to 


25 ft.; arch culverts and bridges for spans of 6 ft. and over; girder bridges for spans of from 24 ft. 


to 4o ft. 
Steel Bridges.—Steel I-beams up to 32 ft. span; plate girders, 20 ft. to 80 ft. span; low truss 
30 ft. to 100 ft. span; high truss 100 ft. span and over, riveted up to 140 ft. span. 
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Massachusetts Public Service Commission.—The types of highway bridge recommended by 
the commission are as follows: 

Steel Bridges.—For spans up to 20 ft., wooden stringers or rolled beams; for spans from 20 ft. 
to 40 ft., rolled beams or plate girders; for spans from 40 ft. to 70 ft., plate girders; for spans from 
70 ft. to 100 ft., plate girders or riveted trusses; for spans from 100 ft. to 125 ft., riveted trusses; for 
spans from 125 ft. up, riveted or pin trusses. 


- Wisconsin Highway Commission.—The types of highway bridge recommended by the com- 


mission are as follows: 

Concrete Bridges.—Spans of 13 ft. to to ft., slab culverts and bridges; spans 1o ft. to 18 ft., 
slab bridges; spans Io ft. to 4o ft., through girders. 

Steel Bridges.—Spans Io ft. to 38 ft., rolled beams; spans 35 ft. to 80 ft., Warren riveted low 
trusses or plate girders; spans 80 ft. to 135 ft., Pratt riveted high trusses; spans over 135 ft., riveted 
high trusses with curved chords. 


WIDTH OF ROADWAY.—The following data will show standard practice. 

Illinois Highway Commission.—The widths of roadways are specified for State Aid Routes, 
Principally Traveled Roads, and Secondary Roads. 

On Designated State Aid Routes —Bridges up to and including ro ft. span, 20 to 30 ft. roadway; 
bridges over 10 ft. up to and including 60 ft. span, 18 to 24 ft. roadway; bridges over 60 ft. span, 
16 to 20 ft. roadway. 

On Principally Traveled Roads.—Bridges and culverts 10 ft. or less in span, 20 to 30 ft. road- 
way; bridges over Io ft. and up to and including 60 ft. span, 16 to 20 ft. roadway; bridges over 60 
ft. span, 16 to 18 ft. roadway. 

On Secondary Roads.—Bridgesand culverts to ft. or less in span, 18 to 24 ft. roadway; bridges 
over 10 ft. span, 16 ft. roadway. 

Culverts Under Fills —The length of the barrel of the culvert shall have a length that will 
permit of side slopes of 1} horizontal to 1 vertical, and a top width of 20 to 30 ft. on State Aid 
Routes, 20 to 30 ft. on Principally Traveled Roads, and 18 to 24 ft. on Secondary Roads. 

Iowa Highway Commission.—The widths of roadway for highway bridges as recommenedd 
by the commission are as follows: 

Concrete Bridges—For box or arch culverts with spans of 2 ft. to 16 ft., 24 ft. roadway for 
county roads, and 20 ft. for township roads; for slab bridges with spans over 16 ft. span, 20 ft. 
roadway for county roads, and 18 ft. for township roads; for girder bridges over 16 ft. span, 20 ft. 
roadway; for arches over 16 ft. span, 24 ft. roadway for county roads, and 20 ft. for township roads. 

_ The slopes on fills shall be 14 horizontal to 1 vertical. 5 
Steel Bridges —A roadway of 20 ft. on county roads, for all spans, and 18 ft, on township roads 
for all spans. The minimum legal width of roadway is 16 ft. 

Association of State Highway Departments.—The following minimum widths of concrete 
bridges are recommended. ; 

For First Class Roads—Culverts under 12 ft. span, 24 ft. roadway; slab bridges over 12 ft. 
span, 20 ft. roadway; all other spans 20 ft. roadway. 

For Second Class Roads.—Culverts under 12 ft. span, 20 ft. roadway; slab bridges over 12 ft. 
span, 18 ft. roadway; all other spans, 18 ft. roadway. 

For Third Class Roads.—Culverts under 12 ft. span, 20 ft. roadway; slab bridges over 12 ft. 
span, 18 ft. roadway; longer bridges, 16 ft. roadway. 

The above widths of concrete bridges have been adopted by the Wisconsin Highway Com- 


mission. 


LOADS.—The loads carried by a bridge consist of (1) fixed or dead loads, (2) the moving or 
live load, and (3) miscellaneous loads. 

The dead load consists of the weight of the structure and is always carried by the bridge; the 
live load consists of the moving load which the bridge is built to carry, while the miscellaneous 
loads include wind loads, snow loads, etc. Data on dead loads are given in the “ Specifications for 
Steel Highway Bridges ”’ in the last part of this chapter. 


WEIGHTS OF BRIDGES.—The weight of a bridge is composed of (1) the weight of the steel 
in the steel framework, consisting of the vertical trusses, the upper and lower lateral systems, the 
floorbeams, the portals and sway bracing; (2) the weight of the joists and the fence; and (3) the 

‘weight of the floor covering. 
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WEIGHTS OF STEEL HIGHWAY BRIDGES.—The following data may be used in calcu- 
lating the dead loads in the design of highway bridges or as a basis for preliminary estimates. 


AMERICAN BRIDGE COMPANY.—Standard Steel Highway Bridges with Timber Floor. 
Timber floor, 3-in. plank on roadway and 2-in. plank on footwalks. Live loads for floor and its 
supports, 100 Ib. per sq. ft. of floor surface, or 6 tons on two axles ro ft. centers and 5 ft. gage, ora 
15-ton road roller. For trusses 100 Ib. per sq. ft. of roadway up to a span of 75 ft., 75 Ib. per sq. ft. 
of roadway for spans of 168 ft. and over, and proportional for intermediate spans. No allowance 
is made for impact. Designed for allowable stresses given in specifications in the latter part of this 
chapter. Let W = weight of the structural steel per lineal foot of span; L = length of span in feet, 
b = width of roadway in feet (without sidewalks). 

1. Steel Through Plate Girders.—Through plate girder spans 36 ft. to 70 ft., roadway 20 ft. 
wide, without sidewalks, but including stringers. The weight of structural steel per lineal foot 
of span is 


W = 300 + 3.8L. : (z) 


For sidewalks with steel joists add about 12 Ib. per sq. ft. of sidewalks. 

2. Steel Low Riveted Truss Spans, with Timber Floor.—For low truss spans 36 ft. to 102 ft., 
with timber floors, the weight of structural steel per lineal foot of span, not including the weight 
of the stringers and the railing, is given approximately by the formula for a 16-ft. roadway 


W = 100 + 2.0L. (2) 
and for a 20-ft. roadway 
W =150+ 1.7L, (3) 


3. Steel Low Riveted Truss Spans, with Reinforced Concrete Floors.—For low truss spans 
36 ft. to 102 ft., with reinforced concrete floors, 5 in. thick with 6 in. of gravel at center and 3 in. 
of gravel at curb, the weight of structural steel per lineal foot of span, not including the weight of 
the stringers and the railing, is given approximately by the formula for a 16-ft. roadway 


W = 150+ 3.5L. (4) 
and for a 20-fts roadway 


W = 185 + 3.5L. (5) 


; 


4. Steel High Truss Spans, with Timber Floor.—For high truss spans 104 to 204 ft., with 


timber floors the weight of structural steel per lineal foot of span, not including the weight of the . 


stringers and the railing, is given approximately by the formula for a 16-ft. roadway 


W = 250+ 1.5L. (6) 
and for a 20-ft. roadway 


W = 285 + 1.2L. (7) 


IOWA HIGHWAY COMMISSION.—Steel Highway Bridges with Reinforced Concrete 
Floor.—Reinforced concrete floor slabs 6 in. thick for all spans in which stringers are used. Slabs 
for stringerless floors 73 in. thick for 8-ft. span, 8 in. thick for 9-ft. span, and 8} in. thick for 1o-ft. 
span. Live loads for the floor and its supports a uniform live load of roo Ib. per sq. ft., and a 15-ton 
traction engine with two-thirds of the load on the rear axle; axles spaced 11 ft. centers, and rear 
wheels spaced 6 ft. centers. Rear wheels 22 in. wide. The trusses are to be designed for the 
uniform loads given in Table I. No allowance is made for impact. 

Let W = weight of structural steel in Ib. per lineal foot of span; Z = length of span in feet; 
b = width of span in feet (without sidewalks). 

1. Steel Beam Spans.—The weight of steel beam spans from 16 ft. to 32 ft. and with 16-ft., 
18-ft., and 20-ft. roadway are given in Table IX. 
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2. Steel Low Truss Spans, with Stringers.—For low truss highway bridges with spans of 
35 ft. to 85 ft., not including the weight of the fence or the steel stringers, the weight of structural 
steel per lineal foot of span for a 16-ft. roadway is 


W = 235 + 2.35L. : (8) 
and for an 18-ft. roadway is ? 
W = 240 + 2.40L. ‘ (9) 
3. Steel Low Truss Spans, without Stringers.—For low truss highway bridges with spans of 
35 ft. to 100 ft., not including the weight of the fence or steel floorbeams, the weight of the struc- 
tural steel per lineal foot of span for a 16-ft. roadway is 


W = 200 + 4L. (10) 
and for an 18-ft. roadway is 
W = 225 + 4.25L. (11) 


4. Steel High Truss Spans, with Stringers.—For high through truss highway bridges with 
spans of from 90 ft. to 150 ft., not including the weight of fence or the steel stringers, the weight of 
structural steel per lineal foot of span for a 16-ft. roadway is 


W = 245 + 2.45L. (12) 
and for an 18-ft. roadway is 
W = 270+ 2.7L. (13) 


WISCONSIN HIGHWAY COMMISSION. Steel highway bridges with reinforced con- 
crete floor.—Reinforced concrete floor slabs 6 in. thick for all spans. Live loads for the floor and 
its supports a 15-ton road roller with two-thirds of the load on the rear axle, axles 10 ft. centers, 
rear rolls 4 ft. 10 in. centers, rear rolls 20 in. wide. The trusses designed for the loads given in 
Table I. No allowance is made for impact. Let W = weight of structural steel in Ib. per lineal 
foot of span, L = length of span in feet; 6 = width of roadway in feet (without sidewalks). 

1. Steel Beam Spans.—Weight of steel beam spans from Io ft. to 38 ft. and for 16-ft., 18-ft. 
and 20-ft. roadway are given in Table X. 

2. Steel Through Plate Girders.—The weight of the structural steel in through plate girder 
highway bridges from 35 ft. span to 80 ft. span including floorbeams spaced 3 to 2% ft. apart, is 
given approximately by the following formula. For a 16-ft. roadway 


W = 300 + 3L. (14) 
For an 18-ft. roadway 
W = 300 + 3.25L. (15) 
and for a 20-ft. roadway 
W = 320+ 42. : (16) 


_ 3. Steel Low Truss Spans, with Stringers.—The weight of the structural steel in low truss 
steel highway bridges with spans of 35 ft. to 85 ft. span, not including the weight of the fence or 
the steel stringers, is given approximately by the formula. For a 16-ft. roadway 
W = 80+ 3.5L. (17) 
_ and for an 18-ft. roadway 
W = 80 + 4L. ; (18) 


4. Steel High Truss Spans, with Stringers.—For high through truss steel highway bridges 
with spans of from go ft. to 150 ft., not including the weight of the fence or the steel joists, the 
weight of structural steel per lineal foot of span is given approximately by the formula, For a 
16-ft. roadway 

W =180+2L. (19) 


and for an 18-ft. roadway 
W = 240+ 2L, (20) 


8* 
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ILLINOIS HIGHWAY COMMISSION. Steel highway bridges with reinforced concrete 
floor.—Reinforced concrete floor slabs 4 in. thick with a wearing surface assumed to weigh not 
less than 50 lb. per sq. ft. Live load for floor and its supports a 15-ton traction engine, supported 
on two axles spaced 10 ft. apart, with two thirds of the load on the rear axle; or a uniform live load 
of 125 lb. per sq. ft. The trusses designed for the loads given in Table I. No allowance is made 
for impact. 

Let W = weight of steel in Ib. per lineal foot of span, L = span of bridge in feet, 6 = width of 
roadway in feet (without sidewalks). 

1. Steel Low Truss Spans, with Stringers.—The weight of the structural steel in low truss 
steel highway bridges with spans of 50 ft. to 85 ft., not including weight of the fence or the steel 
stringers, is given approximately by the formula. For a 16-ft. roadway, b = 16 ft. 


W = 235 + 2.35L. (21) 
and for an 18-ft. roadway, 6 = 18 ft. 
W= 240 + 2.4L, (22) 


2. Steel High Truss Spans, with Stringers.—The weight of structural steel in high truss steel 
highway bridges with spans of go ft. to 160 ft., not including the weight of fence or the steel string- 
ers, is given approximately by the formula. For a 16-ft. span, 6 = 16 ft. 


W = 140+ 4L. (23) 
and for an 18-ft. span, 6 = 18 ft. 
W = 1804+ 4.5L. (24) 


The weights given by formulas (21) to (24) are for bridges with concrete floors weighing 
100 Ib. per sq. ft. Calculations by Mr. Clifford Older, Bridge Engineer, Illinois Highway Com- 
mission, show that a variation of the weight of the floor of 10 lb. per sq. ft. makes a similar variation 
in the weight of the structural steel, including the joists, of 4.35 per cent for a 50-ft. span, of 3.75 
per cent for a 160-ft. span, and proportional for intermediate spans, For the structural steel, not 
including the joists, an average value of 4 per cent may be used for each decrease of 10 Ib. per sq. 
ft. of floor surface. . 

BOSTON BRIDGE WORKS STANDARDS.*—The weights of steel highway bridges 
designed by the Boston Bridge Works are as follows: ,r 

Through truss highway bridges without sidewalks designed for a live load of 80 lb. per sq. ft. 
for the trusses, 100 lb. per sq. ft. and a 6-ton wagon for the floor The weight, w, of steel in Ib. 
per sq. ft. of area covered by the floor, not including joist or fence, for a span of L ft., is 


w=5+ L/9.5 (25) 
The weight of through truss highway bridges with two sidewalks is 
w= 2.8 + L/11.3 (26) 


The sidewalks were 5 or 6 ft. wide, and the clear roadways were 16 to 20 ft. The total area 
covered by the roadway and sidewalk floors is to be used in calculating the weight of steel. 

Weights of Steel Highway Plate Girder Bridges.—The weights of highway plate girder 
bridges as designed by the Boston Bridge Works for the live loads shown are as follows. 

Deck plate girder highway bridges without sidewalks designed for a live load of 100 Ib. per 
sq. ft. for girders, 100 lb. per sq. ft. and a 6-ton wagon for the floor. The weight, w, of steel in 
Ib. per sq. ft. of area covered by the floor, not including joist or fence, for a span of L ft., is 


w= 2.5 + L/3.4 (27) 


* Published by permission of John C. Moses, Chief Engineer. 
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The weight of deck plate girder highway bridges with sidewalks is 
w= 2.5 + L/4.4 (28) 
The weight of through plate girder highway bridges without sidewalks is 
w=3+ L/4.25 (29) 
The weight of through plate girder highway bridges with sidewalks is 
w = 3.3 + L/5.6 (30) 


Weight of Electric Railway Bridges.—The Boston Bridge Works gives the following formula 
for the weight of electric railway bridges, where W = total weight of steel in Ib. per lineal foot of 
bridge and L is the span of the bridge in feet. 

Beam bridges . 


W=50-+-5L (31) 
Light truss bridges 
W = 200+ 0.8L (32) 
Heavy truss bridges 
W = 250+ 1.5L (33) 


The beam bridges were designed for 30-ton cars; the light truss bridges were designed for 
15-ton cars or 1,500 lb. per lineal foot of bridge, and the heavy truss bridges were designed for 
30-ton cars, or 2,000 Ib. per lineal foot of bridge. 

LIVE LOADS.—The live loads for highway bridges are usually assumed to consist of a uni- 
form live load for the trusses and a uniform live load or a concentrated moving load for the floor 
and its supports. A few highway bridge specifications require that trusses be designed for a con- 
centrated moving load as well as for a uniform live load, and also that the floor and its supports be 
designed for a concentrated moving load and that the portion of the floor of the bridge not covered 
by the concentrated load be covered with a uniform live load. In calculating the stresses in the 
truss members the uniform live load is commonly assumed as applied in full joint loads at joints 
onthe loaded chord. Moving loads and loads suddenly applied produce stresses that are greater 
than the static stresses due to stationary loads or to loads gradually applied. This increase in 
stress due to moving loads or due to loads suddenly applied is called impact stress. 


IMPACT.—The effect of impact or increase in live load stresses over the stresses due to the 
same loads gradually applied, is very much less for highway bridges than for railway bridges. 
Experiments made by Professor F. O. Dufour and recorded in Journal of Western Society of Engi- 
neers, June, 1913, show that the effect of impact on steel truss highway bridges with concrete floors 
is very small. The effect of impact on steel truss bridges with plank floors*is considerably larger 
than for bridges with concrete floors. The maximum impact percentages do not occur with maxi- 
mum static stresses. Experiments made at the University of Colorado under the author’s direction 
show that the effect of impact on highway bridges is very much less than for railway bridges. 


The specifications of the highway commissions of Illinois, Iowa, Michigan, Nebraska and 
Wisconsin do not add impact for highway bridges. 

The allowance for impact of the Massachusetts Railway Commission is as follows: For 
stringers, floorbeams and hangers, when loaded witli a 20-ton auto truck, 50 per cent; for all other 
loads, floorbeams and stringers, 25 per cent; floorbeam hangers, 40 per cent; counters, 40 per cent; 
for all other members in trusses, and for main girders the percentage shall be 26% minus one- 
twelfth the loaded length in feet, with a maximum of 25 and a minimum of 10 per cent. 

Mr. J. A. L. Waddell in ‘‘Bridge Engineering” specifies that highway bridges shall be designed 
for the impact allowance, J = 100/(mL + 200), where L is the loaded length of the bridge in feet 
that produces maximum stress and 7 is the total clear width of the roadway and footwalks divided 
by twenty.” The above impact allowance is made for motor-truck loadings but not for road-roller 


loadings. 
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The specifications for steel bridges prepared by the U. S. Office of Public Roads, and the 
specifications for steel bridges of the West Virginia Highway Commission and the Oregon Highway 
Commission specify the impact factor, I = 100/ (L + 300), where L is the loaded length of the 
bridge in feet that produces maximum stress in the member. 

The Montana Highway Commission specifies 25 per cent impact. 

The Department of Public Roads of Kentucky requires no impact allowance for bridges with 
concrete floors, and 25 per cent for bridges with wooden floors. , 

The Utah Highway Commission specifies 25 per cent impact for floors, and 15 per cent for 
trusses. 

For concrete highway ‘bridges the impact allowance varies from no impact allowance, as 
specified by the highway commissions of Illinois, Iowa, Michigan, Nebraska and Wisconsin; an 
allowance of 15 per cent of the live load, as specified by the highway commission of West Virginia, 
to an allowance of 50 per cent of the live load, as specified by the U. S. Office of Public Roads. 
Watson’s ‘General Specifications for Concrete Bridges,” third edition, 1916, uses an impact al- 
lowance of I = 150/(L + 300), where L is the loaded length of the bridge in feet that produces 


maximum stress. 

Ketchum’s Specifications for Impact.—The author has adopted the following impact factors 
for concrete bridges and steel bridges. 

(a) For concrete arches with spandrel filling on culverts with a minimum filling of one foot, 


no allowance for impact. 

(b) For concrete slab and girder bridges and trestles, and arches without spandrel filling, 30 
per cent for impact. 

(c) For steel bridges the following allowance for impact. For the floor and its supports in- 
cluding floor slabs, floor joist, floorbeams and hangers, 30 per cent. 


For all truss members other than the floor and its supports, the impact increment shall be _ 


I = 100/(L + 300), where L = length of span for simple highway spans (for trestle bents, towers, 
movable bridges, arch and cantilever bridges, and for bridges carrying electric trains, Z shall be 
taken as the loaded length of the bridge in feet producing maximum stress in the member). 


CONCENTRATED LIVE LOADS.—Traction engines weighing 20 tons are quite common in 
the west and northwest. The heaviest motor truck in common use has a capacity of 73 tons and 
a total weight of 13 tons, with nearly 10 tons on the rear axle. With an overload of 50 per cent, 
which is not unusual, this truck would carry 14 tons on the rear axle. The maximum road roller 
weighs 20 tons. 


The highway commissions of the different states have adopted concentrated live loads as fol- 
lows: Illinois specifies a 15-ton traction engine; Iowa specifies a 15-ton traction engine for bridges 
with reinforced concrete floors; Wisconsin specifies a 15-ton road roller; Michigan specifies an 18-ton 
road roller; Nebraska specifies a 20-ton traction engine; Minnesota specifies a 20-ton traction 
engine; New York specifies a 15-ton road roller; all loadings to be used without impact. 

Utah specifies an 18-ton road roller with 25 per cent impact; Oregon specifies a 15-ton road 
roller for medium traffic and a 20-ton road roller for heavy traffic; Ohio specifies a 15-ton concen- 
trated load with 162 per cent impact; Montana specifies a 20-ton traction engine with 25 per cent 
impact; the Massachusetts Railway Commission specifies a 20-ton motor truck with 14 tons on the 
rear axle, with an allowance of 50 per cent for impact on the floor and its supports; Mr. J. A. L. 


Waddell in ‘‘Bridge Engineering” specifies for class A bridges an 18-ton motor truck with impact 


allowance as given above. 
For additional data see article entitled ““Concentrated Live Loads for Highway Bridges,” 
by Milo S. Ketchum, printed in University of Colorado Journal of Engineering, October, 1916. 


Ketchum’s Specifications for Concentrated Moving Loads.—The author has adopted the 
following specifications for moving concentrated loads. 


(a) That highway bridges on main roads or near towns-or cities shall be designed to carry 
4 20-ton motor truck with axles spaced 12 ft. and wheels with a 6-ft. gage, with 14 tons on rear axle 
and 6 tons on front axle. The truck to occupy a space Io ft. wide a 32 ft.long. The rear wheels 
to have a width in inches equal to the total load in tons (20 in. for a 20-ton truck). 

(b) That bridges not on main roads shall be designed for a 15-ton motor truck with axles 
spaced to ft. and wheels with a 6-ft. gage, and occupying a space Io ft. wide and 30 ft. long, with 
to tons on rear axle and 5 tons on front axle, and with rear wheels 15 in. wide. : 

(c) To provide for impact and vibration and unevenness of road surface thirty (30) per cent 
is to be added to the maximum live load stresses. Only one motor truck is to be assumed to be on 
a bridge at one time. : 
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Motor trucks have narrower tires and are driven at greater speeds than traction engines, and 
therefore not only produce greater static stresses in the floor, but should have a greater impact 
allowance. In view of the above, it would not appear to be necessary to consider any road rollers 
or traction engines now in use in addition to the above motor-truck loadings. 


DISTRIBUTION OF CONCENTRATED LOADS.—In designing floor slabs, floor stringers 
and floorbeams it is necessary to know the distribution of the concentrated loads. 

Concrete Floor Slabs.—Tests of the distribution of concentrated loads on concrete floor slabs 
have been made by the Ohio Highway Commission, the results of which are given in Bulletin No. 
28, published by the Commission; by Mr. W. A. Slater at the University of Illinois and described 
in Proceedings of American Society for Testing Materials, Vol. XIII, 1913, and by A. T. Goldbeck 
and E. B. Smith, described in Journal of Agricultural Research, Vol. VI, No. 6, Department of 
Agriculture, Washington, D. C., May 8, 1916. 

Ohio Tests.—The following conclusions drawn from the Ohio tests are of interest: 


“The percentage of reinforcement has little or no effect upon the distribution to the joists, so 
long as safe loads on the slabs are not exceeded. 

“ The outside joists should be designed for the same total live load as the intermediate joists. 

“The axle load of a truck may be considered as distributed over 12 ft. in width of roadway. 

“The safe value for ‘effective width’ of a slab, where the total width of slab is greater than 
1.33 L + 4 ft. is given by thé formula, e = 0.6L + 1.7 ft., where e = effective width (width over 
which a single concentrated load may be considered as uniformly distributed on a line down the 
middle of the slab parallel to the supports) and L = span in feet.” 

Slater Tests —It was recommended that where the total width of slab is greater than twice 
the span, the effective width be taken as e = 4x/3 + d, where x is the distance from the concen- 
trated load to the nearest support, and d is the width at right angles to the support over which the 
load is applied. While the depth of slab and the amount of longitudinal reinforcement had little 
effect on the distribution, it was recommended that the latter be limited to 1 per cent. 

Goldbeck and Smith Tests—Tests were made on three slabs, each slab being 32 ft. wide, 16 ft. 
span, and with effective depths of 10.5 in., 8.5 in. and 6 in., respectively. All slabs were made of 
1-2-4 Portland cement concrete, and were reinforced with 0.75 per cent of mild steel. 

The following conclusions were drawn from these tests: 

(1) The effective width decreases as the effective depth increases; the effective width for safe 
loads being 75.7 per cent; 81.1 per cent, and 109.3 per cent of the span, for the slabs having effective - 
depths of 10.5 in., 8.5 in. and 6 in., respectively. 

(2) For slabs in which the ratio of the width of the slab is not less than twice the span length, 
the effective width may be taken as 


e=0.7L (34) 


where ¢ is the effective width and L is the span length. 

(Additional tests by Goldbeck, Proceedings American Concrete Institute, 1917, show that 
formula (34) may be used when the width of the slab is not less than the span.) 

Watson’s “ General Specifications for Concrete Bridges,” third edition, 1916, specifies that con- 
centrated loads on reinforced concrete slabs may be assumed as distributed over a distance of 4 ft. 
at right angles to the supports, and a distance parallel to the supports equal to 2 ft. plus three- 
tenths of the span of the slab. 


The State Highway Department of Ohio uses the following distribution of concentrated loads 
on floor slabs. 


For spans less than 6 ft. the percentage, Pp, of the wheel load carried by one foot in width of 
slab for a span in feet, J, is given by the formula 


b= 42 — 4) (35) 
while for spans greater than 6 ft. the percentage, p’, of the wheel load carried by one foot in width 
of slab for a span in feet, J, is given by the formula . 

p’ = 20 — 0.41 (36) 


For a span of 53 ft., from formula (35), P = 20 per cent, and the concentrated load is assumed 
as carried by a slab 5 ft. wide, applied on a line parallel to the supports. 

For a span of ro ft., from formula (36), p’ = 16 per cent, and the concentrated load is assumed 
as carried by a slab 6.67 ft. wide, applied on a line parallel to the supports. 
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Floor Stringers and Floorbeams.—The Illinois Highway Commission specifies that longi- 
tudinal stringers be spaced not more than 23-ft. centers, and that each stringer be designed for 20 
per cent of the rear axle load concentrated at the center of the span when a concrete sub-floor is 
used, and 25 per cent of the rear axle load when a plank floor is used. Transverse stringers or 
floorbeams, spaced not more than 23-ft. centers, shall be designed to carry 40 per cent of the rear 
axle load distributed over the middle to ft. of the stringer. Floorbeams shall be designed for 
maximum stresses due to concentrated load. 

The lowa Highway Commission specifies that one-third of a wheel load be assumed as carried 
by one joist, when a concrete floor slab is used, and that one-half of a wheel load be assumed as 
carried by one joist, when a plank floor is used. 

The Massachusetts Railway Commission specifies that the wheel load on plank floors be dis- 
tributed over a width in feet equal to the thickness of the floor in inches, with a maximum distri- 
bution of 6 ft. _ With solid floors each wheel load is assumed as distributed over a width of 6 ft. 

Watson’s “General Specifications for Concrete Bridges,” third edition, 1916, specifies that 
the part of the concentrated load carried by one stringer shall be found by dividing the stringer 
spacing by the gage distance of the concentrated load. With a gage distance of 6 ft. this gives 

‘one-third the total load fora stringer spacing of 2 ft.; one-half the total load for a stringer spac- 
ing of 3 ft.; the total load for a stringer spacing of 6 ft. 


Ketchum’s Specifications for Distribution of Concentrated Loads.—From a study of the 
various tests and specifications, the author has adopted the following rules for calculating the 
stresses in slabs, stringers and floorbeams: 


&Alytzgtan 


=L(C-y)tanpro 
a8 pogldital 


ass “eictia| Vaheare fa | 
apie Se eh ee Awe 
ty ee Let ari Ee: » hate i 
Ls: Rhone de os ape ieee 
pers Xf oe | Hopper oa | 
Dee le ian Pane 
enllyesc}tand ee aeid ee 
=F (e,re)=(l+e) tang= F(t+c) e=zlere,)= $lec 
Fic.6. Fie. 7. 


(a) The distribution of concentrated wheel loads for bending moments in reinforced concrete 
slabs with longitudinal girders shall be calculated by the formula, 


e=$(+0¢) (37) 


with a maximum limit of 6 ft. for e, where e = effective width (distance that the load may be con- 
sidered as uniformly distributed on a line down the middle of the slab parallel to the supports), 
1 = span, and c = width of tire of wheel, all distances in feet. See Fig. 6. 

(b). The distribution of concentrated wheel loads for bending moments in reinforced concrete 
slabs with transverse girders shall be calculated by the formula 


e = 21/3 +¢ (38) 


with a maximum limit of 6 ft. for e, where e = effective width, 7 = span, and c = width of tire of 
wheel as defined in paragraph (a). See Fig. 7. 

® (c) The distribution of concentrated wheel loads for bending moments in slabs of girder 
bridges in which the span of the bridge is not less than the width of bridge center to center of 
girders, shall be calculated for spans of 9 ft. or over by the formula 


e = 21/3 (39) 


with a maximum limit of e = 12 ft., where e = effective width, and / = span as defined in para- 
graph (a). 
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(d) The effective width for shear in beams carrying concentrated loads shall be taken the same 
as for bending moment as calculated by formula (37) or formula (38), with a minimum effective 
width of 3 ft. and a maximum effective width of 6 ft. 

The total shear for an effective width of 3 ft. shall be considered as punching (pure) shear. 
The total shear for an effective width of 4.5 ft. and over shall be considered as beam shear (a 
measure of diagonal tension), for effective widths between 3 ft. and 4.5 ft. the total shear shall be 
divided proportionally between punching shear and beam shear. Beam shear shall be used in 
calculating bond stress and as a measure of diagonal tension. 

(e) In the design of longitudinal joists or stringers with concrete floors, the fraction of the 
concentrated load carried by one stringer for spacings 6 ft. or less will be taken equal to the stringer 
spacing in feet divided by 6 ft.; with plank floors the fraction of the concentrated load carried by 
one stringer for spacings 4 ft. or less will be taken equal to the stringer spacing in feet divided 
by 4 ft., thé maximum in each case being the full load. Outside stringers are to be designed for 
the same load as intermediate stringers. 

(f) In the design of transverse stringers or floorbeams with concrete floors, the fraction of the 
concentrated load carried by one floorbeam for floorbeams spaced 6 ft. or less, will be taken equal 
to the floorbeam spacing divided by 6 ft. For floorbeams spaced 6 ft. or over the entire reactions 
are assumed as carried by one floorbeam. Axle loads are assumed as distributed on a line 12 ft. 
long. : 

UNIFORM LIVE LOADS FOR TRUSSES.—The uniform live loads for trusses of steel high- 
way bridges as specified by the highway commissions of Illinois, lowa and Wisconsin, the American 
Concrete Institute, 1916, and the uniform loads as specified by the author for classes D, and De 
are given in Table I. The D, and Ds loadings are to be taken as proportional for intermediate 
spans, and are to be increased for impact. 

It will be seen that the D, loadings with impact added are practically the same as the Illinois 
loadings; while the D2 loadings with impact added are practically the same as the Iowa and Wis- 
consin loadings. 
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Class D; and Dy bridge loadings to be increased for impact. 


UNIFORM LIVE LOADS FOR FLOORS.—The Illinois Highway Commission specifies that 
stringers and floorbeams for spans of 50 ft. and less shall be designed for a uniform live load of 125 
Ib. per sq. ft., and of spans over 50 ft. in length for a uniform live load of 100 Ib. per sq. ft., or a 
15-ton concentrated load for all spans. No allowance is made for impact. 

The Iowa Highway Commission specifies a live load of 100 lb. per sq. ft. or a 15-ton traction 
engine for class “‘A”’ floors, and a live load of 100 lb. per sq. ft., or a 10-ton traction engine for class 
““B” floors (plank floors). No allowance is made for impact. 

The Wisconsin Highway Commission specifies that floor systems and spans under 40 ft. be 


designed for a 15-ton road roller, No allowance is made for impact. 
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The Michigan Highway Commission specifies that the floor and its supports be designed for 
an 18-ton road roller, or 100 lb. per sq. ft. | No allowance is made for impact. 

The floor systems for D, bridges are to be designed for 125 lb. per sq. ft. or a 20-ton auto truck; 
while Dz bridges are to be designed for 100 lb. per sq. ft. or a 15-ton auto truck. An impact factor 
of 30 per cent is to be added both for the uniferm loads and for the auto truck. 


WIND LOADS FOR HIGHWAY BRIDGES.—The Illinois Highway Commission specifies a 
wind load of 25 lb. per sq. ft. on the vertical projection of both trusses and the floor system, but in 
no case shall the wind be less than 300 Ib. per lineal foot on the loaded chord nor less than 150 lb. 
per lineal foot on the unloaded chord. 

The Iowa Highway Commission specifies 150 lb. per lineal foot on the unloaded chord and 
300 lb. per lineal foot on loaded chord, all loads considered as moving loads. 

The Wisconsin Highway Commission specifies 150 lb. per lineal foot on the unloaded chord 
and 300 Ib. per lineal foot on the loaded chord; 150 lbs. of the latter being considered a moving 
load. ; 

Cooper’s 1909 specifications require that highway bridges be designed for a lateral force of 
150 Ib. per lineal foot on the unloaded chord and a lateral force of 300 Ib. per lineal foot on the 
loaded chord, 150 lb. of the load on the loaded chord being treated as a moving load. For spans 
exceeding 300 ft. add in each case above 1o lb. for each additional 30 ft. 

The author’s specifications for wind loads are given in ‘‘ General Specifications for Steel High- 
way Bridges’ given in the latter part of this chapter. 


DESIGN OF HIGHWAY BRIDGE FLOORS. Types of Floors.—The choice of floor for a 
highway bridge depends upon the traffic, the cost, including first cost and cost of maintenance, and 
the climate. A highway bridge floor consists of a sub-floor which has the necessary strength to 
carry the loads and a wearing surface. Plank floors and reinforced concrete slabs without wearing 
surface have the sub-floor and wearing surface combined. A highway bridge floor should have 
a strength and a weight appropriate to the structure of the bridge, and should be well drained. 
The wearing surface should be waterproof, capable of resisting wear and should be as smooth as 
possible without being slippery. For proper drainage the wearing surface should have a longi- 
tudinal grade of not less than 1 in 50 or a transverse slope of not less than I in 12. Sub-floors for 
highway bridges are made (1) of reinforced concrete; (2) of buckle plates or other steel sections, 
and (3) of timber. The most common wearing surfaces for highway bridge floors are (a) concrete, 
(b) bituminous concrete, (c) asphalt, (d) creosoted timber blocks, (e) brick, (f) stone block, (g) 
macadam, (h) gravel or earth. The different types of sub-floors and wearing surfaces for highway 
bridges will be described in some detail. 


Reinforced Concrete Floor Slabs.—Reinforced concrete floor slabs on steel highway bridges 
may be supported on joists or stringers and floorbeams, or by the floorbeams alone. Stringers 
are used for beam bridges and are commonly used for truss bridges, while the stringerless floor is 
commonly used on plate girder bridges. The sub-floor slabs are commonly calculated to carry 
the dead load due to the weight of the slab and of the wearing surface, and a live load consisting 
of a uniform load per square foot or a concentrated moving load. The thickness of reinforced 
concrete slabs in short spans is commonly determined by the concentrated moving load. The 
stresses in reinforced concrete slabs due to a concentrated load will depend upon the distribution 
of the load over the slab. The different methods for the distribution of concentrated loads in use 
in different specifications have been described and the specifications adopted by the author have 
already been given. 


Design of Reinforced Concrete Floor Slabs.—The live loads and the distribution of loads on 
floor slabs as specified by the author are given on pages 112d and 112f. The concrete should be 
a 1-2-4 Portland cement concrete that will give a compressive strength of not less than 2,000 Ib. 
per sq. in. when tested in cylinders 8 in. in diameter and 16 in. long after having been stored for 
28 days in moist air. Allowable compression in slabs, 650 Ib. per sq. in.; allowable tensile stress 
in steel, 16,000 Ib. per sq. in., modulus of elasticity of steel to be taken as 15 times the modulus of 
elasticity of concrete, allowable shear as a measure of diagonal tension 40 lb. per sq. in.; punching 
shear 120 lb. per sq. in., bond stress in slabs 120 lb. per sq. in. 


- 
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The thickness of floor slabs when supported on longitudinal joists or stringers is given in 
Table II and the thickness of floor slabs when supported on cross floorbeams (stringerless floor) 
is given in Table III. The reinforcing steel for reinforced concrete floor slabs ts given in Table 
IV. The reinforcement given in the table is to be placed at the bottom of slabs calculated as 
simply supported and at top and bottom of slabs calculated as continuous or partially continuous. 


TABLE II. 
THICKNESS OF REINFORCED CONCRETE FLOOR SLABS, USED WITH JOISTS. 


Simply Supported, Reinforcement on Under Side Only, Fully Continuous, Reinforcement on Both Sides. 
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Center of reinforcing 1 in. from face of slab. Impact 30 per cent. 
Reinforced as in Table IV. 


TABLE III. 
THICKNESS OF REINFORCED CONCRETE FLOOR SLABS, USED WITHOUT JOISTS. 


Simply Supported, Reinforcement on Under Side Only. Partially Continuous, Reinforcement on Both Sides. 


x2-Ton Truck. | 15-Ton Truck. | 20-Ton Truck. r2-Ton Truck. | 15-Ton Truck. | zo-Ton Truck. 


eet Weight of Wearing Surface, Lb. per Sq. Ft. open Weight of Wearing Surface, Lb, per Sq Ft. 


° roo ° 100 ° 100 ° rI00 ° 100 ° roo 


ia 
p 
BT 
5 
5 
B: 
5 
5 


police 
D nvr 5 
iH ee loo FP 
Wik © 
raloomiee 
wl mleonee 
die 
Aan 5 
plone aleo * 
lH mle 5 


lonmeameny 
leo bol 
mie 
BH 


PCy 

ime 
ble 

aloo 


our ON DOE 


aH |cobo| et 


ihe 
lonmoamony 
lowe 
CV ON ON Onn 
alco bole tole 
onI~N NON 


bie 
Helper |eonaee 


top 
als 
tole 
rol 


iH 


HOO OM~M NINDS 


eo eleo 


2 
s) 
4 
5 
6 
7 
8 
9 
° 


Oooo NOM Pwd 
NN D DONO Quit 


Hleo bol poo 


CoN NND AON 
wit 
onan NNN 
wlootoj 
Oo aOnmo NIND Davi 


Pm Om| 


O mm NNN 
we [covo| 


i Co 


0.0 onnN 


>. 
HoH 

I 

co CONT 
roy 

oo CONT 
to) 

lH 


Center of reinforcing 1 in. from face of slab for slabs less than 73 in. thick. 

Center of reinforcing 13 in. from face of slab for slabs 73 in. and over, in thickness. 
Impact 30 per cent. of live load. ; 

Reinforced as in Table IV. 


‘Examples of Reinforced Concrete Floor Slabs.—The reinforced concrete floor slabs used by 
the Wisconsin Highway Commission are given in Fig. 14, Fig. 15, Fig. 21 and Fig. 22. The floor 
slabs used by the Iowa Highway Commission are given in Fig. 12, Fig. 13, Fig. 17, and Fig. 24. 


For a stringerless floor the slabs used by the Iowa commission agree very closely with the values 
given in Table III. 
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TABLE IV. 


REINFORCEMENT FOR REINFORCED CONCRETE FLOOR SLABS. 


The reinforcement given in this table is to be used at the bottom of slabs figured as simple 
supported, and at the top and bottom of slabs figured as continuous or partially continuous over 
the supports. Longitudinal reinforcement /4 in. round or square bars spaced two feet centers. 
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Interpolate for intermediate slabs. 


The Illinois Highway Commission for stringer spacings of about 23 ft. uses a concrete sub- 
floor 4 in. thick, with a 4 in. concrete wearing surface, or a 3 in. creosoted timber block wearing 
surface. The concrete sub-floor, 4 in. thick, is reinforced on the under side with 3 in. square bars, 
spaced 6 in. centers and centers 1 in. above lower edge. Transverse reinforcement consists of 
3 in. square bars spaced 12 in. centers. The concrete is specified as 1-2-3} mix, and is designed 
for a stress of 800 lb. per sq. in. 

The West Virginia Highway Commission specifies I-2-4 concrete and a minimum thickness 
of slab of 5 in. to the center of the tension reinforcement. 

The Ohio Highway Commission specifies concrete slabs for different stringer spacings as 
follows: 5 in. slab for 2 ft. spacing; 6 in. slab for 3 ft. spacing; 6 in. slab for 4 ft. spacing. 

Specifications for highway bridges of the state of Nebraska specify slabs made of concrete of 
a 1-2-4 mix, 6 in. thick reinforced with 3 in. round bars spaced 6 in, centers, The bottom of the 
concrete to be 1 inch below top of joists. 

The standard reinforced concrete floor used by the Michigan Highway Commission is shown 
in Fig. 8. The slab is 6} in. thick at the center and 6 in. thick at the curb. The details of the 
floor are shown in the cut. : 


Buckle Plates.—Buckle plates are made by ‘‘dishing” flat plates as in Table 55, Part II. 
The width of the buckle W or length L, varies from 2 ft. 6 in. to 5 ft. 6 in. The buckles may be 
turned with the greater dimension in either dimension of the plate. Several buckles may be put 
in one plate, all of which must be of the same size and be symmetrically placed. Buckle plates 
are made } in., 3 in., $ in. and 7% in. thick. Buckle plates should be firmly bolted or riveted 
around the edges with a maximum spacing of 6 inches, and should be supported transversely 
between the buckles. The process of buckling distorts the plates and an extra width should be 
ordered, and the plate should be trimmed after the process is complete. The buckle plates are 
usually supported on the tops of the stringers, but may be fastened to the bottoms of the stringers. 
The space above the buckles is filled with concrete which carries the wearing surface. Buckle 
plates are now seldom used except for special floors and heavy floors where the weight of a rein- 
forced concrete floor would be too great, or where it is necessary to cut down the clearance. 
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Plank Floors.—As long as an excellent grade of timber was available and the concentrated 
loads were not excessive, timber floors were quite satisfactory when properly constructed. Plank 
floors should be of white oak, long leaf yellow pine or similar timber, laid transversely. Where 
two layers of plank are used the lower layer is laid diagonally. Planks should be from 8 in. to 
12 in. wide and not less than 3 in. thick. To carry modern auto trucks the plank should have a 
minimum thickness in inches of three halves the spacing of the stringers in feet. Planks should 
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Fic. 8, REINFORCED CONCRETE FLoorR, Micu1cAN HicHway CoMMISsION. 


be laid from 1 in. to } in. apart so that water will not be retained, but will run through and will 
give the planks an opportunity to dry out. Where more than one layer of planks is used a liberal 
coating of coal tar to the upper side of the lower planks and to the lower side of the upper planks 
will materially prolong the life of the floor. The timber in floors made of more than one layer of 
planks should be creosoted. Each plank should be solidly spiked to each joist with spikes having 
a length not less than twice the thickness of the plank, or 6-in. spikes for 3-in. plank and 8-in. 
spikes for 4-in. plank. Where steel joists are used, spiking strips about 3 in. by 8 in. are bolted to 
the tops of all joists, or spiking strips 4 in. by 6 in. are bolted to the sides of three lines of joists 
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under each plank length. When the latter method is used the floor planks are fastened to the 
intermediate joists by bending spikes, driven through the floor plank, around the upper flanges of 
the joist. For specifications for plank floors, see the author’s ‘General Specifications for Steel 
Highway Bridges.”’ 

The thickness of plank for different loadings and spans calculated for the allowable stresses 
required by the author’s specifications are given in Table V. 

Laminated Timber Floor.—Highway bridge floors are sometimes made by placing 2 in. by 
4 in., 2 in. by 6 in., or 3 in. by 8 in. timbers on edge and spiking them together. A waterproof 
wearing surface is placed on top of the laminated base. The safe spans for a laminated timber 
floor may be taken the same as for planks 12 inches wide. ‘ 


The Oregon Highway Commission uses laminated wood floors made of 3 in. by 8 in. timbers 
placed on edge and spiked together at intervals of not less than 18 in.’ ‘‘ The timbers shall prefer- 
ably be long enough to extend the full width of the roadway, and in no case shall more than two 
lengths be used in the width of roadway. Every fifth timber shall project } in. above the inter- 
vening four pieces, to furnish a grip for the waterproof wearing surface.” 

A laminated floor made of 2 in. by 4 in. pine timbers placed on edge and spiked together was 
used for reflooring 23d Street Bridge, Denver, Colorado. The laminated timber base is covered 
with an asphalt paving 13 inches thick. 


TABLE V. 
THICKNESS OF I2-INCH FLOOR PLANK. 


For 8-inch plank add 23 per cent to the thickness of plank. 
Thickness in Inches, Actual Size, No Impact. 


Spader of JOSS; ro-Ton Auto Truck. z2-Ton Auto Truck. 1s-Ton Auto Truck. 20-Ton Auto Truck. 
12 2 2 2 2 
15 2% Ben ae 23 
18 23 28 3 38 

EEE EE 
21 3: 34 38 38 
24 34 33 34 a 
zu 32 34 4 43 
30 t 4 45 48 
33 oF 44 43 St 
36 4a 42 4g 52 


Allowable Stresses.—Bending stress, 1,500 lb. per sq. in.; bearing across fiber, 400 Ib. per sq. in. + 
5 y 


Minimum thickness of plank allowed by Ketchum’s specifications is 3 in.; maximum spacing 
of joists is 30 in. 


Creosoted Timber Floor.—Creosoted timber may be used as a sub-floor for a creosoted timber 
block wearing surface, for a bituminous wearing surface, or may carry a gravel or earth fill, or may 
have no wearing surface. ; 

Specifications for Creosoted Timber.—Timber used for all creosoted floor timbers except 
blocks shall be first-class oak, long-leaf yellow pine or Oregon fir. It shall be cut from live trees and 
shall be straight grained, free from shakes, large or loose knots, decayed wood, worm holes or other 
defects that will impair its strength or durability. It shall be sawed straight and true and shall 
be full size. i 
timber. The creosote oil shall be a pure coal-tar product free from any adulteration. It shall be 
free from any tar or any petroleum oil or petroleum residue. The specific gravity at 100° F. shall 
be at least 1.03, but not more than 1.07. _ The creosote oil shall comply with the specifications of 
the American Railway Engineering Association for creosote oil. The timber shall be impregnated 
with creosote oil by the full cell process. The details of the treatment shall comply with the 
specifications of the American Railway Engineering Association for the treatment of ties with 
creosote oil. 


All timber shall be impregnated with at least 12 lb. of creosote oil per cubic foot of ~ 
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The timbers for the sub-floor shall be surfaced on one side and one edge, and shall not vary 
more than 7 in. from the specified thickness. The timbers shall be laid with the surfaced side 
down with tight joints, and shall be fastened to the outside spiking strips with two 6-in. lag screws 
at each end of each plank, and to the intermediate stringers with two spikes in each stringer, the 
length of the spikes to be at least twice the thickness of the floor planks. The fellow guard shall 
be bolted to the stringers with $-in. bolts spaced not more than 5 ft. centers. 


WEARING SURFACES FOR HIGHWAY BRIDGE FLOORS.—The wearing surface of a 
highway bridge floor should satisfy the usual conditions for a pavement and in addition should 
not have ari excessive weight; as an increase in dead load on the bridge increases the necessary 
amount of steel in the floor supports and the trusses and increases the total cost. The most 
common wearing surfaces will be briefly described. 


Concrete.—A concrete wearing surface is laid on top of the concrete slab by the Illinois High- 
way Commission as follows:—The wearing surface shall have a thickness of not less than 4 
inches. The lower 2 in. of the wearing surface shall be made of concrete mixed in the proportions 
of one part Portland, cement, 2 parts clean sand and 4 parts clean gravel or broken stone that will 
pass a I}-in. ring. The concrete shall be thoroughly mixed in a batch mixer to a jelly-like consis- 
tency and shall be placed immediately on the sub-floor slab. Upon this concrete layer shall be 
immediately laid a 2-in. layer of mortar made by mixing one part Portland cement and 2 parts of 
clean, coarse sand. The mortar shall be mixed to a jelly-like consistency in a batch mixer and 
shall be immediately placed upon the freshly laid concrete. Before the mortar has begun to set 
it shall be finished off with a wood float, and before it has hardened it shall be roughened by brush- 
ing with a stiff vegetable brush or broom. i es j 

Fhe concrete slab and the concrete wearing surface are commonly laid in one operation, 
the wearing surface being finished up as for a concrete pavement. 

Creosoted Timber Blocks.—The blocks shall be made of prime sound long-leaf yellow pine 
or Oregon fir and shall contain no loose knots, worm holes or other defects, and shall be well manu- 
factured. No wood averaging less than 6 rings to the inch, nieasured radially from the center of 
the heart shall be used. The blocks shall have a depth as specified, but the depth shall not be less 
than 3in. The blocks shall be from 6 to 10. in. long. The width shall be from 3 to 4 in., but the 
blocks in any contract shall have the same width. A variation of Js in. in depth and @ inch in 
width will be permitted. The width shall be greater or less then the depth by not less than } in. 
The blocks shall be impregnated with creosote oil by the full cell process. The creosote oil and the 
method of creosoting timber blocks Shall be the same as specified for creosoted timber. All creo- 
soted timber blocks shall contain not less than 16 lb. of creosote oil per cubic foot of timber. 

Laying Creosoted Timber Blocks.—When the creosoted timber blocks are laid on a creosoted 
timber base, a layer of tar paper shall be laid on the timber base. When creosoted timber blocks 
are laid on a concrete floor slab, a layer of dry cement mortar made by mixing dry one part of 
Portland cement and four parts of clean dry sand shall be spread on the dry floor slab. The cement 
cushion shall be rolled to a thickness of } in. As the blocks are laid on the concrete slab the sand 
and cement shall be moistened by sprinkling and the blocks shall be laid before the cement has 
had time to set. The blocks shall be laid at right angles to the length of the bridge in parallel 
lines, with the grain vertical. The blocks shall break joints at least 3 in. Two lines of blocks 
shall be laid\next to the curb with the long dimension of the block parallel to the bridge, and the 
remainder of the blocks shall be laid at right angles to those blocks. The blocks shall be laid with 
open joints, 4-in. open joints transversely, }-in. open joints longitudinally. Expansion joints not 
less than 1 in. thick the full depth of the block shall be provided along each curb, and transverse 
joints not less than 4 in. thick shall be provided every 50 ft. in length of the bridge. These joints 
shall be kept closed until the blocks are all laid, and the space is then to be filled with a bituminous 
filler. After the blocks have been laid they shall be tamped or rolled to firm bearing. All defect- 
ive, broken, damaged or displaced blocks shall be removed and replaced with sound blocks. All 
joints and expansion joints shall then be filled to a depth of two-thirds the depth of the block with 
a satisfactory bituminous filler. The filler shall not be brittle at o° F. nor flow at 120° F. The 
filler shall be applied at a temperature of not less than 300° F. After the first application has 
set the joints shall be filled to the proper height with a second coat. Joints shall be filled only in 
dry weather, when the temperature is not less than 50° F. Before the second coat has hardened 
a layer of sand } in. thick shall be spread on the surface and shall be swept into the joints. 


Bituminous Wearing Surface Floors.—Bituminous wearing surface floors may be laid on a 
creosoted timber sub-floor or on a concrete sub-floor. 
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Bituminous Wearing Surface on Timber Sub-Floor.—The bituminous wearing surface may 
be put on hot by the standard method, or by a cold process. The specifications adopted in 1917 
by the Illinois Highway Commission are as follows: 


Bituminous Wearing Surfece—Hot Penetration Method. Illinois Highway Commission. 

Asphalt—The asphalt used for bituminous wearing surface shall conform to the following 
requirements: Asphalt shall have a specific gravity at 25° C. of not less than 0.97 nor more than 
unity. It shall be soluble in cold carbon disulphide to the extent of at least 98 per cent. - Of the 
total bitumen, not less than 22 per cent nor more than 3o per cent shall be insoluble in 86° B. 
naphtha. When 20 grams (in a tin dish 21 in. in diameter and # in. deep with vertical sides) are 
maintained at a temperature of 163° C. for 5 hours ina N. Y. testing laboratory oven, the evapora- 
tion loss shall not exceed 2 per cent and the penetration shall not have been decreased more than 
25 per cent. The fixed carbon shall not exceed 16 per cent by weight. The penetration as de- 
termined with the Dow machine using a’ No. 2 needle, 100 g. weight, 5 seconds time, and a tem- 
perature of 25° C. shall be not less than 30 nor more than 50. The asphalt shall contain not to — 
exceed 6 per cent by weight of paraffine scale. 

Aggregate-—The aggregate shall consist of screened gravel, which shall have been approved 
by the engineer, dry, free from dust, dirt and clay, and graded in size from § in. to $ in. 

Cleaning Sub-Planking—Before placing the wearing surface, the sub-planking shall be thor- 
oughly cleaned from all foreign material and the cracks shall be filled and the plank covered to a 
depth of approximately $ in. with asphalt of the character herein specified, which shall be applied at 
atemperature of not lessthan 400° F. The sub-planking shall be dry when the asphalt is applied. 

Placing Wearing Surface ——The gravel shall be spread on the asphalt covering while the same 
is hot and in a quantity which will just cover the asphalt. The thickness must not exceed that 
which will be formed by a single layer of the gravel pebbles. 

Upon the material thus spread, there shall be poured hot asphalt until the interstices are all 
filled, the asphalt being at a temperature of not less than 400° F. 

Upon the layer of asphalt thus poured there shall be spread a second layer of gravel which shall 
not exceed the thickness of a single layer of pebbles, but which must be spread in sufficient quantity 
to cover completely the layer of asphalt. — 

Upon the layer of gravel thus spread there shall be poured hot asphalt until all the interstices 
are filled, the asphalt having a temperature of not less than 400° F. 

Finish.—The surface shall then be covered with a layer of pebbles just sufficient to cover the 
asphalt, the pebbles to be well rolled or tamped into the asphalt and the surface finally covered 
with coarse sand sufficient to take up any free asphalt. After the surface has stood for one day, 
it may be opened to traffic. 

Bituminous Wearing Surface—Cold Mixing Method, using an Asphalt Emulsion. Illinois 
Highway Commission. 

Asphalt Emulsion —The emulsion shall consist of asphalt, water and fatty or resin soap thor- 
oughly emulsified. It shall conform to the following requirements: “4 


Motal ‘bitumen: secs ea eens «eres a sNacolazas ee ols ssvelelolat> ke esietstereeshe Not less than 60.0 per cent 
Specific gravity of dehydrated material... 11... + essere sees eee e tence eee Not less than 1.000 
Penetration of dehydrated material, 25° C., 100 gm., 5 SCC... 6... eee eee eee eee 150 to 200 


Total Bitwmen.—The total bitumen shall be considered as being 100 minus the sum of the 
percentages of water, of fatty or resin acids, of organic matter insoluble in carbon disulphide other 
than fatty or resin acids from the soap, or mineral matter (ash), and of ammonia. 

For percentages of water, fatty or resin acids, organic matter insoluble in carbon disulphide, 
mineral matter (ash), and ammonia, see United States Department of Agriculture Bulletin 314, 


4I. 

Specific Gravity—Standardized pycnometers, United States Department of Agriculture 
Bulletin 314, p. 4. . 

Penetration.—A. S. T. M.Stand. Test D 5-16. 

Aggregate—The aggregate shall consist of crushed stone chips uniformly graded from ? in. 
down to dust with all dust removed, to which shall be added sufficient sand to fill all remaining 
voids, but not to exceed 20 per cent of the volume of the aggregate. 

Cleaning Sub-Planking—Before placing the wearing surface, the sub-planking shall be 
thoroughly cleaned from all foreign material and all cracks shall be filled with wood strips or oakum. 

Mixing Materials.—The aggregate and the asphalt emulsion shall be mixed cold in the pro- 
portions of 1 gal. of emulsion to I cu. ft. of aggregate. To facilitate mixing, water to the extent of 
20 per cent may be added to the emulsion. The proportions given above for mixing the aggregate 
and the emulsion are based on the undiluted emulsion. The mixing shall be done on a tight 
mixing board or in a batch concrete mixer, and shall continue until all particles of the aggregate 
are thoroughly coated. 


HIGHWAY BRIDGE FLOORS. 1120 


Placing Wearing Surface.—After mixing, the material shall be spread upon the roadway in 
sufficient quantity to provide a thickness of ¢ in., after rolling or tamping. 

Finish.—After the material has been rolled or tamped smooth and to a uniform thickness of 
2 in., the surface shall be given a paint coat of the emulsion applied at the rate of { gal. per sq. yd., 
and then shall be covered with coarse sand sufficient to take up any free asphalt and to fill all voids 
in the surface. After the surface has stood for one day, it may be opened to traffic. 


Bituminous Pavement on Concrete.—A bituminous wearing surface may be laid as on the 
creosoted plank sub-floor, or the wearing surface may be laid according to the following standard 
method. The concrete shall be dry and thoroughly clean. A bituminous wearing surface two 
inches thick is applied as follows: The aggregate consists of broken stone or gravel passing a 
one-inch screen with the dust screened out to which is added sand equal to about one-quarter to 
one-half the volume of the stone. The aggregates shall be heated and mixed with the bituminous 
material in a mechanical mixer or by hand with hot shovels. The asphalt shall be mixed not less 
than 20 gallons to the cubic yard of aggfegate at a temperature of 350° to 400° F. The mixture 
shall be applied hot to the concrete surface and shall be raked with hot hoes or rakes and is rolled 
with a roller weighing not less than 5 tons. After the surface has been rolled a layer of hot asphalt 
shall be applied and a layer of coarse sand rolled into hot asphalt. 

Examples of Highway Bridge Floors.—The following examples of highway bridge floors 
specified by different highway commissions are of interest. 

The Illinois Highway Commission uses the following standard floors: (1) A reinforced con- 
crete sub-floor 4 in. thick, and a concrete wearing surface 4 in. thick, weight 100 Ib. per sq. ft.; 
(2) a reinforced concrete sub-floor 4 in. thick and a creosoted timber block wearing surface 3 in. 
thick, weight 65 Ib. per sq. ft.; (3) a creosoted plank sub-floor 3 in. thick and a wearing surface of 
creosoted timber blocks 3 in. thick, weight 32 |b. per sq. ft.; and (4) a creosoted timber ship lap 
floor 3 in. thick and a wearing surface of creosoted timber blocks 3 in. thick, weight 26 Ib. per sq. ft. 

The Michigan Highway Commission uses the following surface treatment on concrete floor 
slabs. The surface of the concrete is thoroughly cleaned and 3 of a gallon per sq. yd. of coal tar 
heated to a temperature of 250° to 350° F. is spread over the slab. While the tar is hot the surface 
is evenly covered with a layer 3 in. thick of clean, sharp, coarse sand. 

The Wisconsin Highway Commission does not specify a wearing coat on top of concrete floor 
slabs. 

The Iowa Highway Commission uses either a 3 in. fill of gravel or a creosoted block floor 3 in. 
thick. Concrete slabs are covered with a bituminous coating made by applying 4 of a gallon per 
sq. yd. of hot tar to the clean dry slab. A layer of coarse dry sand is heated and sifted on top of 
the tar. 

Cost of Floors.—The costs of highway bridge floors were estimated by Mr. Clifford Older, 
bridge engineer, Illinois Highway Commission in 1915 as follows: Concrete in sub-floors including 
reinforcing steel, $12.00 per cu. yd.; concrete wearing surface, 4 in. thick, $0.90 per sq. yd.; 
creosoted sub-plank (12-lb. treatment) in place, $70 per thousand feet B. M.; creosoted blocks 3 
in. thick, in place, $1.80 per sq. yd.; bituminous gravel wearing surface, { in. thick, $0.60 per sq. 
yd, The weights and costs of the Illinois Highway Commission standard floors were as follows: 
concrete sub-floor 4 in. thick and concrete wearing surface 4 in. thick, weighs roo Ib. per sq. ft., 
and costs $2.95 per sq. yd.; concrete sub-floor 4 in. thick, and creosoted blocks 3 in. thick, weighs 
65 lb. per sq. ft., and costs $3.25 per sq. yd.; creosoted plank sub-floor 3 in. thick, and creosoted 
blocks 3 in. thick, weighs 32 Ib. per sq. ft., and costs $4.10 per sq. yd.; creosoted plank sub-floor 
3 in. thick, and bituminous wearing surface { in. thick, weighs 26 Ib. per sq. ft., and costs $3.00 
per sq. yd. 

DESIGN OF STRINGERS.—Stringers or joists support the floor and in turn are supported 
by the floorbeams. The joists may be supported on the tops of the floorbeams or may be framed 
into the floorbeam by the use of connection angles. Where concrete floors are used the steel joists 
should either be supported on the tops of the floorbeams or if framed into the floorbeams should 
have the upper flanges of the beams coped so that the tops of the joists will be on the same level 
as the foorbeams. The loads carried by the joists are (1) the dead load which is made up of the 
weight of the joists, the floor slab and the wearing surface; (2) a uniform live load, or a concen- 
trated moving load. The uniform live load and the concentrated moving loads are the same as the 
loads used in designing the floor slabs, but the distribution of the concentrated load is not the same. 
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The distribution of the moving concentrated load to the joists as specified by different highway 
commissions and others, and by the author have already been given. 

Steel Stringers.—The sizes of steel I-beams of minimum weights required for stringers with 
different spacings to carry a dead load of 100 Ib. per sq. ft. and a 20-ton auto truck with 30 per cent 
impact or a live load of 125 Ib. per sq. ft. with 30 per cent impact are given in Fig. 9; and to carry 
a dead load of 100 lb. per sq. ft. and a 15-ton auto truck with 30 per cent impact or a live load of 
100 Ib. per sq. ft. with 30 per cent impact are given in Fig. Io. The sizes of steel I-beams of mini- 
mum weights required to carry a dead load of 100 |b. per sq. ft. and a 15-ton auto truck without 
impact or a live load of 100 Ib. per sq. ft. without impact are given in Fig. 11. The steel stringers 
used by the Wisconsin Highway Commission to carry a 15-ton road roller without impact, and the 
steel stringers used by the lowa Highway Commission to carry a 15-ton traction engine without 
impact are practically the same as those given in Fig. 11. 


Timber Joists.—The sizes of timber stringers or joists for different spacings and spans to 
carry a 20-ton auto truck are given in Table VI; to carry a 15-ton auto truck in Table VII, and to 
carry a 10-ton auto truck in Table VIII. The timber joists were designed for the following unit 
stresses, to be used without impact: Allowable bending stress, 1,500 Ib. per sq. in.; allowable 
bearing across the grain, 400 lb. per sq. in.; allowable longitudinal shear in beams, 140 Ib. per sq. in. 
The maximum spacings of timber joists for short spans are determined by the longitudinal shear. 


TABLE VI. 
SPACING OF TIMBER STRINGERS OR JOISTS. 


Calculated for 20-ton Auto Truck, Without Impact. 


Maxi Spacing i ; : : 
Nominal Size of ximum Spacing in Feet for Different Spans in Feet. 


Joists, In. 


6 8 14 16 


0.7 0.7 0.6 
0.9 0.9 0.8 
0.8 0.8 0.8 0.7 


viet i 1.1 1.0 
1.0 1.0 1.0 1.0 
1.3 1.3 ted 1.3 


2.0 2.0 2.0 2.0 


: ry 
rs 1.5 Ties fs ; 1.3 
De 2 Re Bue : 2.0 


The proportion of the concentrated live load carried by one joist shall be taken equal to the 
spacing of the joists in feet divided by four feet. 

Joists were designed for allowable stresses as follows: Cross-bending, 1,500 lb. per sq. in.; bear- 
ing across the grain 400 lb. per sq. in.; longitudinal shear 140 Ib. per sq. in. 

Spacing of joists for spans to left of heavy line are determined by longitudinal shear. 


DESIGN OF FLOORBEAMS.—The floor loads may be carried to the floorbeams by means 
of stringers or joists, or the loads may be carried to the floorbeams directly by the floor slabs. 
The loads carried by the floorbeams consist of (1) the dead load which is the weight of the floor 
system; (2) a uniform live load; or a concentrated moving load. The uniform live loads are the 
same as the uniform live loads used in designing the floor slabs and stringers, but the distribution 
of the concentrated moving load is not the same as for either the floor slabs or the stringers. The 
distribution of the moving concentrated load to floorbeams as specified by different highway com- 
missions and others, and by the author have already been given. 
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TABLE VII. 
SPACING OF TIMBER STRINGERS OR, JOISTS. 
Calculated for 15-ton Auto Truck, Without Impact. 


Nona Size of Maximum Spacing in Feet for Different Spans in Feet. 


Joists, In. 


8 10 12 14 16 


1.0 0.8 
1.3 “1.1 0.9 
hi Por 1.0 


1.6 1.6 1.4 D2 1.0 


1.4 1.4 1.4 v7 1.0 
1.9 1.9 1.9 1.6 1.4 1.2 I.I 


2.8 2.8 2.8 2.4 2.0 1.8 1.6 
2.1 ek 2.1 2.1 1.8 1.6 55 
3.1 3.1 eli 3.1 27, 2.4 2.2 


The proportion of the concentrated live load carried by one joist shall be taken equal to the 
spacing of the joists in feet divided by four feet. 

Joists were designed for allowable stresses as follows: Cross-bending, 1,500 Ib. per sq. in.; bear- 
ing across the grain, 400 Ib. per sq. in.; longitudinal shear, 140 lb. per sq. in. 

Spacing of joists for spans to left of heavy line are determined by longitudinal shear. 


Gn  ————————_______________ 


TABLE VIII. 
SPACING OF TIMBER STRINGERS OR JOISTS. 
Calculated for 10-ton Auto Truck, Without Impact. 


Maximum Spacing in Feet for Different Spans in Feet. 


Nominal Size of 
Joists In. 


The proportion of the concentrated live load carried by one joist shall be taken equal to the 
spacing of the joists in feet divided by four feet. 

Joists were designed for allowable stresses as follows: Cross-bending, 1,500 Ib. per sq. in.; bear- 
ing across the grain, 400 Ib. per sq. in.; longitudinal shear, 140 lb. per sq. in. 
Spacing of joists for spans to left of heavy line are determined by longitudinal shear. 


Steel I-Beam Floorbeams.—The sizes of steel I-beams required for floorbeams for panel 
lengths of 10 ft. to 24 ft. and widths center to center of trusses or girders of 15 ft. to 26 ft. to carry 
a dead load of 100 Ib. per sq. ft., and a 20-ton auto truck with 30 per cent impact, or a uniform live 
load of 125 Ib. per sq. ft. with 30 per cent impact are given in Fig. 9; while the floorbeams required 
to carry a 15-ton auto truck with 30 per cent impact, or a uniform live load of 100 Ib. per sq. ft. 
with 30 per cent impact are given in Fig. 10. It will be noted that the uniform live load controls 
for wide roadways or for long panels. 


9 
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Fig. 9. BENDING MoMENTs IN FLOORBEAMS AND STRINGERS FOR 20-TON AUTO ‘TRUCK. 
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BENDING MoMENTs IN FLOORBEAMS AND STRINGERS FOR 15-TON AuTO TRUCK. 
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For a bridge 17 ft. center of trusses and 18 ft. panels, from Fig. 9 the required floorbeam 
is a 24 in. I @ 80 lb., while from Fig. 10 the required floorbeam is a 20 in. I @ 65 lb. 

The sizes of steel I-beams required for floorbeams for panel lengths of 10 ft. to 24 ft., and 
widths center to center of trusses or girders of 15 ft. to 26 ft. to carry a dead load of 100 Ib. per sq. 
ft. and a 15-ton auto truck without impact, or a uniform live load of roo Ib. per sq. ft. without im- 
pact are given in Fig. 11. These are practically the floorbeams required by the specifications of 
the Illinois, Iowa, and Wisconsin Highway Commissions. Steel stringers for the same loading 
are given in Fig. IT. 

The bending moments for the design of built-up floorbeams may be obtained from Fig. 9, 
Fig. 10, or Fig. 11. 


LIVELOAD:/5-Ton auto truck (noimpact,.or Wb, 
per sq.Ft.(noimpact). Aes Mb bper sg hes 


Same loading as 
yA iad Hol Floorbeans 
,7 y 


uO 


wou 


U4 Tll* 
isqo0o 
s Whyi5 
ae AZ) ZZ pep /egoo0 420,170 
R 21x60 & LO K65* 
S myn am Aa, VA So s 
as voc 
B aman ss WN) Att 
=" V/, SOA 8 UM AEE iliis* & 
a 
S& S a 
8 ey) 0 K75e & S EY . 
G FN 
8 ww 010% sae 5508S 
(60a wines" & mange ee bina 
Myo S 
rs or arr easy ens? 
mqooo wee Sn? 
jean Gem ae 
Lhe 7D 
CT) a a Birgoe , al 
bo 2 UW & Bb OW w it a 
Panel Lengthin feet. ~ Spacing inFeek. 


Fic. 11. BENDING MoMENTs IN FLOORBEAMS AND STRINGERS FOR 15-TON AUTO TRUCK. 
(No Impact.) CONCRETE FLoor. 


CALCULATION OF STRESSES.—For the calculation of the stresses in highway bridges, 
see the author’s ‘‘The Design of Highway Bridges,” also see Chapter XVI. 


ALLOWABLE STRESSES.—For allowable stresses to be used in the design of steel highway 
bridges, see “‘General Specifications for Steel Highway Bridges,” printed in the last part of this 
chapter. 


SHORT-SPAN STEEL HIGHWAY BRIDGES.—The term short-span Bava bridges 
will be assumed to include beam, low truss and plate girder bridges. 
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BEAM BRIDGES.—Beam bridges are made by placing steel I-beams side by side with the 
ends resting on the abutments. The roadway floor may be made of planks laid transversely on 
the tops of the beams, or of reinforced concrete. The spacing of the beams depends upon the load 
to be carried and upon the thickness of the floor planks or floor slabs and varies from 2 to 4 ft. 
Timber joists should not be spaced more than 23 ft. centers. A common rule for the thickness 
of oak floor planks is that the plank shall have at least one and one-half inch in thickness for each 
foot of spacing of the joists or stringers. The outside beams should be the same size as the inter- 
mediate beams. It is commonly specified that rolled beams shall have a depth not less than 75 the 


span. 
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Standard steel beam bridges with concrete floor as designed by the lowa Highway Commission 
are given ir Fig. 12 and Fig. 13. The spans vary from 16 ft. to 32 ft. The details are shown in the 
cuts. Quantities for beam bridges with angle fence as shown in Fig. 12 are given in Table IX. 

A standard steel beam bridge as designed by the Wisconsin Highway Commission is shown in 
Fig. 14. Data and quantities for beam spans from 10 ft. to 38 ft. are shown in Table X. 


BEAM BRIDGES. 
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17 


The minimum sizes of I-beams for different loadings and for different spacings and spans and 
with a concrete and a plank floor have been calculated by the author and are given in Table XI 
and Table XII. 

Floor planks may be spiked to spiking strips on the tops of the beams, or to spiking strips 
bolted on the sides of the I-beams. The floor planks are spiked to these spiking strips, and are 
fastened to the other beams by clinching spikes, which have been driven through the planks, 
around the top flanges of the beams. 


118 STEEL HIGHWAY BRIDGES. Cuap. III. 

_ The maximum span for beam bridges should be 30 ft. Riveted truss bridges or plate girders 
should be used for spans of 30 ft. and upwards for country bridges, and plate girders for heavy city 
bridges. Riveted bridges for spans of, say 40 ft., are more economical than plate girder bridges 
and will give fully as great a length of service if properly designed and constructed. The ends of 


beam bridges should always be supported on masonry abutments. 


TABLE IX. 
EsTIMATED QUANTITIES FOR STANDARD BEAM SPANS. 


Iowa HicHway CommISssION. 


Structural Steel, Reinforced Concrete Floor. 


oe Roadway. 16 Ft. Roadway. 18 Ft. Roadway. 20 Ft. Roadway. 
16 Ft. 18 Ft. Concrete. Steel. Concrete. Steel. Concrete. Steel. 
Ib. lb. ; cu. yd. Ib. cu. yd. Ib. cu. yd. lb. 

16 3,370 3,780 3,800 6) 600 6.3 680 7.0 740 
18 4,280 4,810 4,820 6.2 670 7.0 750 7.7 820 
20 4,720 5,300 5,320 6.8 730 7.6 830 8.5 goo 
0) 6,340 7,130 7,150 7.4 800 8.3 goo 9.2 990 
24 6,840 7,690 8.0 870 9.0 980 10.0 1,070 
26 7,330 8,240 8,260 8.6 930 9.7 1,050 10.7 1,150 
28 10,570 11,870 11,880 9.2 1,000 10.4 1,120 Lies 1,230 
30 11,240 12,620 12,640 9.8 1,060 11.0 1,200 12.2 1,310 
32 11,910 13,370 13,390 10.4 1,130 D7 1,270 13.0 1,390 


Standard angle railing for wing walls as shown in Fig. 12 


Rails /s 2 
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a 
2 


x 24" S< a” SK 5’-9”. 


Weight of tails and posts for one wing = 90 lb. 


Top of rail 


Steet J-BEAM BrIDGEs. 
Channels on outside. 


16 Feet Roadway. 


TABLE X. 


18 Ft. Roadway. 


3/-2"" above grader Post 2s 3.4% 3) .aar 


Wisconsin HicHway CoMMISSION. 
Weight includes railing. 


20 Ft. Roadway. 


Span, 
Fr. No. Beams Weight 
d 


Structural 


Size 
I-Beams, 


No. Beams 


Size 
I-Beams, 


Weight 
Structural 


No. Beams 


Size | 
I-Beams, 


Weight 


and Structural 


an 
Channels, 


Weight in Ib. of reinforcing per lineal foot... . 
Cu. yd. concrete per lineal foot 


8—18 


In, Lb. 


8—18 
9—21 


9-21 
10—25 


12—31} 
12—314 
12—314 
15—42 
15—42 


E542 
18—55 
18—55 
18—55 


TS 55 


Steel, Lb. 


1,900 
2,200 
2,800 
3,185 
4,030 


4,810 
6,050 
6,435 
8,275 
10,045 


10,715 
12,050 
12,825 
15,530 
16,350 


an 
Channels. 


In, Lb. 


Steel, Lb. 


Channels, 


In, Lb, 


8—18 
8—18 
9—21 


g—21 
10—25 


12—314 
12—314 
12—313 
15—42 
15—42 


15—42 
18—55 
18—55 
18—s5 
TS—=55 


WD MMOD OMOWOUM ODODOO 


16-ft. Rdwy. 
40 


2,120 
2,450 
3,130 
3,560 
4,505 


5,600 
6,790 
75350 
9,420 
11,275 


12,025 
13,930 
15,760 
17,570 


10 
10 
ste) 
10 
Io 


10 
10 


8—18 
8—18 
G5 


525 
10—25 


12—313 
12—314 
12—314 
15—42 
15—42 


15—42 
18—s5 
18—5s5 
1355" 
18—s5 


18-ft. Rdwy. 20-ft. Rdwy. 


44 
0.36 


48 
0.40 


Steel, Lb. 
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TABLE XI. 


Depts IN INCHES oF I-BEAMS FOR DIFFERENT SPACINGS AND SPANS REQUIRED TO CARRY 20-TON, 
15-TON AND 10-TON AUTO TRUCKS AND 30 PER CENT IMPACT. DEAD LOAD 100 LB. 
PER SQ.FT. Minimum WEIGuHTS oF I-BEAMS ARE USED. 


Concrete Floor. 


20-Ton Auto Truck. 15-Ton Auto Truck, to-Ton Auto Truck. 


Span, Ft. Spacing, Ft. Spacing, Ft. Spacing, Ft. 


3 


10 
pie) 
12 
12 


15 
15 
15 
15 


18 
18 
18 


The proportion of the concentrated live load carried by one joist shall be taken equal to the 
spacing of the joists divided by six feet when reinforced concrete floor is used, 
The outside beams to be the same as the intermediate beams. 


TABLE XII. 


Depts in INcHEs oF I-BEAMS FOR DIFFERENT SPACINGS AND SPANS REQUIRED TO CARRY 20- 
Ton, 15-TON AND 10-Ton AuTO TRUCKS AND 30 PER CENT Impact. Minimum 
WetcuHts oF I-BEAMS ARE USED. : 


Plank Floor. 


20-Ton Auto Truck. ‘ rs-Ton Auto Truck. 1o-Ton Auto Truck. 


Spacing, Ft. Spacing, Ft. Spacing, Ft. 


10 
10 


12 
12 
12 


The proportion of the concentrated live load carried by one joist shall be taken equal to the 
spacing of the joists divided by four feet when timber floor is used. 
The outside beams to be the same as the intermediate beams. 
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PLATE GIRDERS.—Plate girders are frequently used for highway bridges. Where the 
conditions will permit deck plate girder bridges are to be preferred to through plate girder bridges 
for highway service, The details of plate girders when used for highway bridges are essentially 
the same as when used for railway bridges, which see. 


Details of a steel through plate girder highway bridge as designed by the Wisconsin High- 
way Commission are shown in Fig. 15. Standard plans have been prepared for spans from 35 
ft. to 80 ft., varying by 5-ft. intervals, and for 16-ft., 18-ft. and 20-ft. roadway. Spans of 35 ft. 
to 60 ft. inclusive have webs 60 in. by 3 in.; the 65-ft. and 7o-ft. spans have webs 66 in. by as 
in.; the 75-ft. spans have a web 66 in. to 72 in. by § in., while the 80-ft. spans have a web 72 in. 
to 78 in. by 2in. For weights of plate girder bridges, see first part of this chapter. 

Details of a 109-[t. span through-plate girder highway bridge built over the D.L.& W.R.R. 
tracks in Jersey City, N. J., are given in Fig. 16. The girders were designed for a live load of 100 
Ib. per sq. ft. on roadway and sidewalk; while the roadway floor was designed for a live load of 100 
Ib. per sq. ft. and two 12,000, |b. axle loads spaced ro ft. apart with an allowance of 25 per cent for 
impact. The expansion end is carried on 4-in. rollers. The concrete has a minimum thickness of 
4 in. and is covered with 13 in. of binder and 2 in. of asphalt. Each main girder weighed 112,000 
Ib.; and the total weight of steel in the bridge was about 403,000 lb. 


LOW RIVETED TRUSS BRIDGES.—Low riveted bridges are made with either Warren or 
Pratt trusses, the Warren truss usually being preferred. The upper chords should be made of two 
angles and a plate, two channels laced, or two channels with a top cover plate and lacing on the 
bottom side of the member. The lower chord and the web members are made of two angles placed 
in the same relative positions as in the upper chords. 


Details of a low riveted truss bridge with a reinforced concrete floor carried on steel stringers 
or joists, as designed by the Iowa Highway Commission are shown in Fig. 17. The commission 
has prepared standard plans for spans from 35 ft. to 85 ft. and with 16-ft. and 18-ft. roadway. 
Spans over 65 ft. in length have one end supported on rockers. Spans 65 ft. or less in length have 
one end supported on sliding plates. 

Details of a low riveted truss bridge with a reinforced concrete floor carried directly on the 
floorbeams, as designed by the Iowa Highway Commission, are shown in Fig. 18. The commission 
has prepared standard plans for spans from 35 ft. to 100 ft. and with 16-ft. and 18-ft. roadway. 
Spans more than 65 ft. in length have one end supported on rockers. Spans 65 ft. or less in length 
have one end supported on sliding plates. The reinforced concrete floor slabs have a thickness of 
71 in. for an 8-ft. span, of 8 in. for a 9-ft. span, and of 83 in. for a 10-ft. span. The slabs are rein- 
forced top and bottom with } in. square bars spaced 9 in. centers and 14 in. from face of slab. 
Transverse bars } in. sq. are spaced about 2 ft. centers with one bar over the floorbeam. 

Details of a low riveted truss bridge with a reinforced concrete floor as designed by the Michi- 
gan Highway Commission are given in Fig. 19. The Commission has prepared standard plans 
for spans from 50 ft. to 100 ft. by 5-ft. intervals. 

The riveted low truss highway bridge with an inclined upper chord shown in Fig. 20 is built 
by the American Bridge Company for locations requiring an artistic and serviceable bridge at a 
moderate cost. This bridge has been built with six panels and with spans of 90, 96 and 102 ft. 
The bridge in Fig. 20 has a 20-ft. roadway and was designed for a dead load of 930 Ib. per lineal 
foot of bridge, and a live load of 2,400 Ib. per lineal foot of bridge. The total weight of the steel 
in this bridge, exclusive of joists and fence is, approximately, 57,000 lb. The floorbeams are rolled 
I-beams and are riveted below the chords. The top chords are made of two channels with a top 
cover plate, the lower edges of the channels being fastened together with tie plates—lacing is much 
better practice. The bottom chord is composed of two angles, with tie plates—tie plates are all 
right for this member. The web members are made of 2 or 4 angles laced, as shown. Rods, not 
shown, are used for the lower lateral system. 

Details of a low riveted truss bridge with a reinforced concrete floor as designed by the Wis- 
consin Highway Commission are given in Fig. 21. Standard plans have been prepared for spans 
from 35 ft. to 85 ft., and with 16-ft. and 18-ft. roadway. One end of all spans is carried on sliding 
plates as shown. 
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y Fic. 17. Low Truss SPAN WITH STRINGERS. 


Depth and Panel Length of Low Trusses.—The depths and number of panels in Iowa High- 
way Commission low truss bridges with joists are as follows: 35 ft. and 40 ft. span, 3 panels, 6 ft. 
’ deep; 45 ft. and 50 ft. spans, 3 panels, 63 ft. deep; 60 ft. and 65 ft. span, 4 panels, 7 ft. deep; 70 ft. 
span, 5 panels, 7 ft. deep; 80 ft. and 85 ft. span, 5 panels, 8 ft. deep. For low truss bridges without 
joists, 35 ft. span, 4 panels, 6 ft. deep; 4o ft. span, 5 panels, 6 ft. deep; 45 ft. span, 5 paneis, 63 ft. 
deep; 50 ft. and 55 ft. span, 6 panels, 63 ft. deep; 60 ft. span, 7 panels, 7 ft. deep; 65 ft. and 7o ft. 
span, 8 panels, 7 ft. deep; 75 ft. span, 9 panels, 73 ft. deep; 80 ft. span, 10 panels, 8 ft. deep; 85 ft. 
span, 10 panels, 84 ft. deep; 90 ft. span, 10 panels, 9 ft. deep; 95 ft. span, 10 panels, 93 ft. deep; 
100 ft. span, 10 panels, 10 ft. deep. 
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The depths and number of panels in Wisconsin Highway Commission low truss bridges with 
joists are as follows: 35 ft. span, 3 panels, 43 ft. deep; 40 ft. span, 3 panels, 5 ft. deep; 45 ft. span, ~ 
3 panels, 54 ft. deep; 50 ft. span, 4 panels, 54 ft. deep; 55 ft. span, 4 panels, 6 ft. deep; 60 ft. span, 
4 panels, 6} ft. deep; 65 ft. span, 5 panels, 7 ft. deep; 70 ft. span, 5 panels, 72 ft. deep; 75 ft. span,” 
5 panels, 8 ft. deep; 80 ft. span, 5 panels, 8} ft. deep; 85 ft. span, 6 panels, 9 ft. deep. 
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Fic. 23. Drtam. PLANS oF THRoucH HicH Truss SPAN. WIscONSIN HiGHway 
COMMISSION. 


HIGH TRUSS STEEL HIGHWAY BRIDGES.—Through truss bridges with spans of from 
80 to 170 ft., are built with parallel chords and preferably with riveted joints. For spans of from 
160 to 220 ft. bridges are usually built of the Pratt type with inclined upper chord (camel-back) 
trusses. Above 220 ft., bridges are usually built with the Petit type of truss. The above limits 
are approximate only. For long span bridges the inclined chord truss with K-bracing is rapidly 
taking the place of the Petit truss. High truss pin-connected bridges should never be built with 
less than five panels. 


Types of bridge adopted in the American Bridge Company’s standards are as follows: 


Pratt; pin-connécted trusses, :,.< . savianvssteyts aa: 7 oe ein = BS ae ine eet oe 80 to 168 ft. span 
Praté, riveted trusses.'> 22 2. «x acs. deg Oates Ve pate wate eae eee eee ee 80 to 168 ft. span’ 
Warren, quadrangular, riveted trusses. go0-2- = -.5.< 22-4 cm geile edie eee: 80 to 152 ft. span’ 
Inclined chord Pratt (camel-back), pin-connected trusses................-- 168 to 220 ft. span* 
Petit ‘trusses, pin-connected|, MH... a..<a esis «<1 pmmaleldis aise iets c Merete 220 ft. span and over’ 


Examples of High Truss Highway Bridges.—Details of a high truss steel highway bridge as 
designed by the Wisconsin Highway Commission are shown in Fig. 22 and Fig. 23. Standard plans 
have been prepared for spans of go ft. to 150 ft., varying by 5-ft. intervals, and a roadway of 16 ft. 
and 18 ft. All spans have one end carried on rockers as shown. These designs have been worked 
out very economically by Mr. M. W. Torkelson, bridge engineer, and represent the extreme econ- 
omy of design that will conform to good practice. 

Details of a high truss steel highway bridge as designed by the lowa Highway Commission are 
given in Fig. 24. Standard plans have been prepared for spans of 90 {t. to 150 ft. varying by 
-’ 5-ft. intervals, and a roadway of 16 ft. and 18 ft. All spans have one end carried on rockers as 
shown. The designs are well worked out with the exception of the collision strut in the first panel, 
which should be omitted. 
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The details of a riveted truss highway bridge for light country traffic designed by Mr. H. S. 
Crocker, Consulting Engineer, Denver, Colo., are given in Fig. 25 and Fig. 26. The details of a 
pin-connected truss highway bridge designed for country traffic are given in Fig. 27, Fig. 28 and 
Fig. 29. Both of these bridges represent standard practice in the design of steel highway bridges 
for light country traffic. For additional examples of steel highway bridges, see the author’s 
“The Design of Highway Bridges.” 

Economic Depth and Panel Length of Trusses.—The economic depth and panel length of 
trusses is not capable of mathematical calculation. The minimum depth is determined by the 
required clear head room, which varies from 12} to 15 ft. Short panel lengths give heavy trusses 
and light floor systems; while long panels give light trusses and heavy floor systems. For ordinary 
conditions # is not economical to use panel lengths less than 15 ft. for short spans nor more than 
25 ft. for long spans. The minimum depth for through spans is about 16 feet where the floor- 
beams are placed below the lower chords. To make a stiff structure, the depth should be suffi- 
cient to permit the placing of the floorbeams above the lower chords and to permit of efficient portal 
and sway bracing. Experience has shown that the most economical conditions occur when the 
angle @, the tangent of which is the panel length divided by the depth, is about 40 degrees. The 
top chord points of bridges with inclined chords should be approximately on a parabola passing 
through the pin at the hip. 

Depth and Panel Length of High Trusses.—The depths and number of panels in Iowa High- 
way Commission high truss riveted bridges are as follows: Pratt, riveted trusses, 90-ft. span, 5 
panels, 20 ft. deep; 100-ft. and r10-ft. spans, 6 panels, 20 ft. deep; 120-ft. span, 7 panels, 20 ft. 
deep; 140-ft. span, 8 panels, 21 ft. deep. The depths and number of panels in Wisconsin Highway 
Commission high truss riveted bridges are as follows: go-ft. and 96-ft. span, 6 panels, 18 ft. deep; 
r0o-ft. span, 6 panels, 20 ft. deep; 105-ft. span, 7 panels, 20 ft. deep; 120-ft. span, 8 panels, 20 tts 
deep; 128-ft. span, 8 panels, 21 ft. deep; 140-ft. span, 8 panels, 20 ft. deep at hip and 27 ft. deep at 
center; 150-ft. span, 8 panels, 20 ft. deep at hip and 28 ft. deep at center. 

The depths and number of panels in American Bridge Company’s high truss bridges are as 
follows: Riveted and pin-connected trusses with parallel chords, 80-ft. to 90-ft. span, 5 panels, 
depth equal to panel length; 90- to 120-ft. span, 6 panels, depth equal to panel length; 120-ft. span 
to 140-ft. span, 7 panels, depth equal to panel length, 120-ft. to 168-ft. span, 8 panels, ratio of 
depth to panel length 1.1. For bridges with inclined chords with spans of 162 ft. to 180 ft., 9 
panels, and ratios of depth to panel length of 1.0, 1.16, 1.25 and 1.29; 190-ft. to 220-{t. span, 9 
panels, and ratios of depth to panel length of 1.0, 1.24, 1.28 and 1.43. For Petit trusses, 240-ft. 
to 276-ft. span, 12 panels, and ratios of depths to panel length of 1.0, 1.4, 1.6 and 1.7; 294-f{t. to 
322-ft. span, 14 panels, and ratios of depth to panel length of 1.0, 1.36, 1.60, 1.8 and 2.0. 

- SHOES AND PEDESTALS.—The bridge rests on shoes or pedestals, the loads being trans- 
ferred to the shoes in pin-connected bridges by means of pins, and through the riveted joints in 
riveted bridges. The shoes at the expansion ends of the bridge are placed on smooth sliding plates 
for bridges of less than, say, 65-ft. span, and on nests of rollers or rockers for spans of greater 
length. The action of the rollers under the expansion ends of riveted bridges will be much more 
satisfactory if the shoes are pin-connected to the truss the same as for pin-connected trusses. 
Rollers should be made withas large diameters as practicable in order to reduce the pressure on 
the base plate and also to reduce the resistance to movement. Experience shows that even for 
light bridges rollers smaller than 3 in. diameter are practically worthless. To economize space, 
segmental rollers, as shown in Fig. 35, Chapter IV, are often used for heavy spans. 

It is usual to specify that a movement produced by a variation of 150 degrees Fahr. be pro- 
vided for. The coefficient of expansion of steel is approximately 0.0000067 per degree Fahr., 
which makes it necessary to provide for approximately one inch of movement for each 80 ft. of 
bridge span. ; 

Where both bridge seats are of he same height, the fixed end is carried on cast iron pedestal 
blocks. The blocks are usually made with recesses (honeycombed) to reduce the weight. 

The Illinois, lowa and Wisconsin Highway Commissions use rockers in the place of rollers 
for highway bridges. Details of rockers are shown in Fig. 17, Fig. 18, Fig. 23, and Fig. 24. The 
specifications of the Illinois Highway Commission contain the provision that rockers shall be made 
of cast iron as specified. They shall have a thickness of not less than 23 in. for spans of 45 ft. or 
less, and a thickness of 3 in. for spans exceeding 45 ft. in length, but in no case shall the unit com- 
pressive stress exceed 9,000-40 J/r lb. per sq. in, All rockers shall have bearing surfaces turned to 
a uniform radius and smooth surface and shall be provided with two 2-in. holes through the web to 
facilitate handling. 
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Fic. 30. STEEL FENCE FOR HIGHWAY BRIDGES. 


FENCE AND HUB GUARDS.—The fence on steel bridges is commonly made of two lines 
of channels or two lines of angles with angle posts. Posts should not be spaced farther apart than 
8 ft. to ro ft. 

A gas pipe railing with gas pipe posts is in frequent use. The posts should be spaced not more 
than 8 ft. apart. Details of the fence and light poles for the 20th St. Viaduct, and the fence on 
Sle St. Viaduct, Denver, Colo., designed by Mr. H. S. Crocker, consulting engineer, are shown in 

ig. 30. 


GENERAL SPECIFICATIONS FOR STEEL HIGHWAY BRIDGES.* 
BY 
MILO S. KETCHUM, 


M. Am. Soc. C. E. 
- Turrp EpIrIon, 


1918 


PART I. DESIGN. 


GENERAL DESCRIPTION. 


1. Classes.—Bridges under these specifications are divided into eight classes, as follows: 

Class A.—For city traffic. 

Class B.—For suburban or interurban traffic with heavy electric cars. 

Class C.—For country roads with ordinary traffic and light electric cars. 

Class D;.—For country roads with heavy traffic. 

Class Do.—For country roads with light traffic. 

Class E;.—For heavy electric street railways only. 

Class E2.—For medium electric street railways only. 

Class E;.—For light electric street railways only. 

2. Material.—All parts of the structure shall be of rolled steel, except the flooring, floor 
joists and wheel guards, when wooden floors are used. Cast iron or cast steel may be used in the 
machinery of movable bridges, for wheel guards, and in special cases for bed plates. 

3. Types of Truss.—The following types of bridges are recommended: 

Spans up to 30 ft.—Rolled beams. 

Spans from 30 to 80 ft.—Riveted plate girders, or riveted low trusses for classes A, B, Ei, 
E, and E;; and riveted low trusses for classes C, D; and Dz. 

Spans 80 to 160 ft.—Riveted or pin-connected high trusses. 

Spans 160 to 200 ft.—Pin-connected trusses of the Pratt type with inclined chords. 

Spans over 200 ft.—Pin-connected trusses of the Petit type or K-type. 

4. Length of Span.—In calculating the stresses the length of span shall be taken as the 
distance between centers of end pins for pin-connected trusses, centers of end bearing plates for 
riveted trusses and for girders, and center to center of trusses for floorbeams. 

5. Form of Trusses.—The form of truss shall preferably be as given in paragraph 3. In 
through trusses the end vertical suspenders and the two panels of the lower chord at each end 
shall be made rigid members if the wind load produces a reversal of stress in the lower chord. In 
through bridges the floorbeams shall be riveted above or below the lower chord pins. 

6. Lateral Bracing.—All lateral and sway bracing shall preferably, and all portal bracing 
must be, made of shapes capable of resisting compression as well as tension, and shall have riveted 
connections. Low trusses and through plate girders shall be stayed by knee braces or gusset 
plates at each floorbeam. 

7. Spacing of Trusses.—For bridges carrying electric cars the clear width from the center of 
the track shall not be less than 7 ft. at a height exceeding one foot above the track where the 
tracks are straight, and an equivalent distance when the tracks are curved. The distance between 
centers of trusses shall in no case be less than one-twentieth of the span between the centers of 
end-pins or shoes, and shall preferably not be less than one-twelfth of the span. 

8. Head Room.—For classes A, B, C, Di, E1, Ez and E; the clear head room for a width of 
eight (8) ft. on each track, or eight (8) ft. on the center line of the bridge shall not be less than 
15 ft., and for class D, not less than 123 ft. 

9. Footwalks.—Where footwalks are required, they shall generally be placed outside of the 
trusses-and be supported on longitudinal beams resting on overhanging steel brackets. 

10. Handrailing.—A strong and suitable handrailing shall be placed at each side of the bridge 
and be rigidly. attached to the superstructure. 

11. Trestle Towers.—Trestle bents shall preferably be composed of two supporting columns, 
two bents forming a tower; each tower thus formed shall be thoroughly braced in both directions 
and have struts between the feet of the columns. The feet of the columns must be secured ta 
an anchorage capable of resisting one and one-half times the specified wind forces (§89). 


* Reprinted from the author’s ‘‘The Design of Highway Bridges.’’ 
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Each tower shall have a sufficient base, longitudinally to be stable when standing alone, 
aN other support than its anchorage. Tower spans for high trestles shall not be less than 
30 ft. 

12. Proposals.—Contractors in submitting proposals shall furnish complete stress sheets, 
general plans of the proposed structures, and such detail drawings as will clearly show the dimen- 
sions of all the parts, modes of construction and sectional areas. 

13. Drawings.—Upon the acceptance and the execution of the contract, all working drawings 
required by the engineer shall be furnished free of cost (§168). 

14. Approval of Plans.—No work shall be commenced or materials ordered until the working 
drawings have been approved by the engineer in writing. 


FLOOR SYSTEM. 


15. Floorbeams.—All floorbeams shall be rolled or riveted steel girders, rigidly connected 
to the trusses at the panel points, or may be placed on the top of deck bridges at panel points. 
Floorbeams shall preferably be square to the trusses or girders. 

16. Joists and Stringers.—All joists and stringers of bridges of classes A, B, Ei, E2 and Es; 
shall be of steel. Joists for classes C, Di and Dz may be either of wood or steel as specified. 
Steel joists shall be securely fastened to the cross floorbeams, and steel stringers shall preferably 
be riveted to the webs of floorbeams by means of connection angles at least 7% in. thick. 

17. End Spacers for Stringers.—Where end floorbeams cannot be used, stringers resting on 
masonry shall have cross-frames at their ends. These frames shall be riveted to girder or truss 
shoe where practicable. 

18. Wooden Joists.—Wooden floor joists shall be spaced not more than 23 ft. centers, and 
shall lap by each other so as to have a full bearing on the floorbeams, and shall be separated 3 in. 
for free circulation of air. Their width shall not be less than 3 in., or one-fourth the depth in 
width. The proportion of the concentrated live load carried by one joist shall be taken equal to 
the spacing of the joists in feet divided by four feet. No impact shall be considered in the design 
of wooden joists, planks or ties. Oak, longleaf yellow pine and Oregon fir shall be designed for a 
safe bending of 1,500 lb. per sq. in., bearing across the fiber of 400 Ib. per sq. in., and shearing along 
the grain of 140 lb. persq.in. Outside joists shall be designed for the same live loads as the inter- _ 
mediate joists. 

19. Steel Joists.—Steel I-beams when used as joists shall have a depth of not less than one- 
thirtieth of the span, and one-twentieth of the span when used as track stringers. The proportion 
of the concentrated live load carried by one joist shall be taken equal to the spacing of the joists 
in feet divided by four feet when timber flooring is used, and divided by six feet when a reinforced 
concrete or other rigid floor is used. - Outside joists shall be designed for the same live loads as the 
intermediate joists. 

20. Floor Plank.—For single thickness the roadway planks shall not be less than 3 in. thick 
nor less than one-eighth of the distance between centers of joists, and shall be laid transversely with 
1 in. openings and securely spiked to each joist. All plank shall be laid with heart side down. 
When an additional wearing surface is required it shall be 13 in. thick, and the lower planks of a 
minimum thickness of 3 in. shall be laid diagonally with } in. openings. 

21. Footwalk plank shall be not less than 2 in. thick nor more than 6 in. wide, spaced with 
2 in. openings. 

All plank shall be laid with heart side down, shall have full and even bearing on and be firmly 
attached to the joists. 

22. Wheel Guards.—Wheel guards of a cross-section of not less than 6 in. by 4 in. shall be 
provided on each side of the roadway. They shall be spliced with half-and-half joints with 6 in. 
lap, and shall be bolted to the stringers or joist with % in. bolts, spaced not to exceed 5 ft. apart. 

23. Solid Floor.—For bridges of classes A and B a solid floor, consisting of wooden blocks, 
brick, stone, asphalt, etc., on a concrete bed is recommended. For this case the floor shall con- 
sist of buckle plates or corrugated sections or reinforced concrete slabs, and a waterproof 
concrete (bitumen or cement) bed not less than 3 in. thick for the roadway and 2 in. thick for the 
footwalk, over the highest point to be covered, not counting rivet or bolt heads. The floor shall 
be laid with a slope of at least one inch in ro ft. 

Reinforced Concrete Floor.—Sce specifications for reinforced concrete floor on page 112 h, 
and distribution of loads on page 112 f. 

24. Buckle plates shall not be less than 3, in. thick for the roadway and } in. thick for the 
footwalk. The crown of the plates shall not be less than 2 in. 

25. For solid floor the curb holding the paving and acting as a wheel guard on each side of 
the roadway shall be of stone or steel projecting about 6 in. above the finished paving at the gutter. 
The curb shall be so arranged that it can be removed and replaced when worn or injured. There 
at also be a metal edging strip on each side of the footwalk to protect and hold the paving in 
place. 
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26. Drainage.—Provision shall be made for drainage clear of all parts of the metal work. 


27. Floor of Classes E;, Ex, and E;.—The floors of classes Ki, E,, and E, shall consist of 
cross-ties not less than 6 in. by 6 in. for stringers spaced 63 ft.; and larger for greater spacings, 
they shall be spaced with openings not exceeding 6 in., shall be notched down 3 in., and secured 
to the supporting stringers by 3 in. bolts spaced not over 6 ft. apart. The ties shall extend the 
full width of the bridge on deck bridges, and every other tie shall extend the full width in through 
bridges to carry the footwalk. Ties shall be designed for the same allowable unit stresses as 
wooden joists. 

There shall be guard timbers not less than 6 in. by 6 in., or 5 in. by 7 in., on each side of 
each track, with their inner faces not less than 9 in. from the center of the rail. They shall be 
notched 1 in. over every tie, and shall be spliced over a tie with a half-and-half joint with 6 in. 
lap. Each guard timber shall be fastened to every third tie and at each splice with a { in. bolt. 
All heads or nuts on the upper faces of ties or guards shall be countersunk below the surface of 
the wood. 


PART II. LOADS. 


28. Dead Load.—The dead load will consist of (1) the weight of the metal, and (2) the weight 
of the timber in the floor, or of the material other than steel. In determining the dead load the 
weight of oak or other hard wood shall be taken at 43 Ib. per foot board measure, and the weight 
of pine or other soft woods at 33 lb. per foot; the weight of asphalt at 130 lb., of concrete and 
paving brick at 150 lb., and of granite at 160 lb per cu. ft. 

The rails, fastenings, splices and guard timbers of street railway tracks shall be assumed to 
weigh not less than 100 |b. per lineal foot of track. 

29. Live Load.—The bridges of different classes shall be designed to carry, in addition to 
their own weight and that of the floor, a moving load, either uniform or concentrated, or both, as 
specified below, placed so as to give the greatest stress in each member. 

Class A. For City Traffic—For the floor and its supports, on any part of the roadway or 
on each of the street car tracks, a concentrated load of 24 tons on two axles Io ft. centers and 5 ft. 
gage (assumed to occupy 12 ft. in width for a single line or 22 ft. for a double line), and upon 
the remaining portion of the floor, a load of 125 lb. per sq. ft. and a concentrated load as for class 
D;. Sidewalks a load of too lb. per sq. ft. 

Loads for the trusses as per Table I. 

Class B. For Suburban or Interurban Traffic—For the floor and its supports, on any part 
of the roadway, a concentrated load of 12 tons on two axles 1o-ft. centers and 5-ft. gage (assumed 
to occupy a width of 12 ft.), or on each street car track a concentrated load of 24 tons on two 
axles 10-ft. centers; and on the remaining portion of the floor, a load of 125 lb. per sq. ft. anda 
concentrated load as for class Di. Sidewalks a load of 100 Ib. per sq. ft. 

Loads for the trusses as per Table I. 

Class C. For Highway and Light Interurban Traffic—For the floor and its supports, on 
any part of the roadway, a concentrated load of 12 tons on two axles 10-ft. centers and 5-ft. gage 
(assumed to occupy a width of 12 ft.), or on each street car track ¢ concentrated load of 18 tons 
on two axles 10-ft. centers; and upon the remaining portion of the floor, a load of 125 lb. per sq. ft. 
and a concentrated load as for class D;. Sidewalks a load of 100 Ib. per sq. ft. 

Loads for the trusses as per Table I. 

Class D;. Heavy Country Bridges——F¥or the floor and its supports, a load of 125 lb. per sq .ft. 
of total floor surface or a 20-ton motor truck with axles spaced 12 ft. and wheels with a 6-ft. gage, 
with 14 tons on rear axle and 6 tons on front axle. The truck to occupy a space Io ft. wide and 
32 ft. long. The rear wheels to have a width of 20 in, 

Loads for the trusses as per Table I. No bridge, however, to be designed for a load of less 
than 1,000 lb. per lineal foot of bridge. 

Class Dy. Oridnary Country Bridges.—For the floor and its supports, a load of 100 lb. per 
sq. ft. of total floor surface or a 15-ton motor truck with axles spaced 10 ft. and wheels with a 6-ft. 
gage, and occupying a space 10 ft. wide and 3o ft. long, with 10 tons on rear axle and 5 tons on 
front axle, and with rear wheels 15 in. wide. 

Loads for the trusses as per Table I. No bridge, however, to be designed for a load of less 
than 800 Ib. per lineal foot of bridge. 

Class Ey. For Heavy Electric Railways Only.—On each track a series of concentrations 
consisting of two pairs of trucks, the axles of the pairs being spaced 5 ft. centers, while the distance 
between centers of interior axles is 10 ft., the pairs of trucks being spaced 15 ft. centers. The 
axles are loaded with a load of 40,000 lb., making a total of 160,000 lb. Ora uniform load of 6,000 
Ib. per lineal foot for all spans up to 50 ft., reduced to 4,500 lb, per lineal foot for spans of 200 ft. 
and over, and proportionately for intermediate spans. 


\ 
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Class Ey. For Medium Eiectric Railways Only.—On each track a series’ of. concentrations 
consisting of two pairs of trucks, the axles of the pairs being spaced 5-ft. centers, while the distance 
between centers of interior axles is 10 ft., the pairs of trucks being spaced 15-ft. centers. The 
axles are loaded with a load of 25,000 lb., making a total load of 100,000 1b. Or a uniform load 
of 3,500 lb. per lineal foot for all spans up to 50 ft., reduced to 2,000 lb. per lineal foot for spans 
of 200 ft. and over, and proportionately for intermediate spans. 

Class E3. For Light Electric Railways Only.—On each track a series of concentrations 
consisting of two pairs of trucks, the axles of the pairs being spaced 5-ft. centers, while the distance 
between centers of interior axles is 10 ft., the pairs of trucks being spaced 15-ft. centers. The 
axles are loaded with a load of 20,000 Ib. making a total load of 80,000 lb. Or a uniform load of 
2,500 lb. per lineal foot for all spans up to 50 ft., reduced to 1,500 lb. per lineal foot for spans of 
200 ft. and over, and proportionately for intermediate spans. 


TABLE I. 
LivE LOADS FOR THE TRUSSES 


Class C. 


Class D;. Class Do. 
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Loads for intermediate spans to be proportional. 


30. Wind Loads.—The lateral bracing in the unloaded chords of truss bridges shall be designed 
for a lateral wind load of 150 lb. per lineal foot of bridge, considered asa moving load. The lateral _ 
bracing in the loaded chords of truss bridges shall be designed for a lateral wind load of 300 Ib. per 
lineal foot of bridge, considered as a moving load. For spans over 300 ft. each of the above load- 
ings shall be increased 10 Ib. for each 20 ft. increase in span. In highway bridges,not carrying 
electric cars the end-posts of through and deck bridges and the intermediate posts of through 
bridges shall be designed for a combination (1) of the dead load stresses and the total live load 
stresses; or (2) of the dead load stresses, the live load stresses, the impact and centrifugal stresses, 
and one-half the total wind load stresses. In low truss bridges and plate girders not carrying 
electric cars the wind load on the unloaded chord may be omitted and the lateral bracing be de- 
signed for a lateral wind load of 300 Ib. per lineal foot treated as a moving load. In bridges with 
sway bracing one-half of the wind load may be assumed to pass to the lower chord through the 
sway bracing. 

31. In trestle towers the bracing and columns shall be designed to resist the following lateral 
forces, in addition to the stresses due to dead and live loads: The trusses loaded or unloaded, the 
lateral pressures specified above; and a lateral pressure of 100 lb. for each vertical lineal foot of 
trestle bent. 

32. Temperature.—Stresses due to a variation in temperature of 150 degrees shall be pro- 
vided for (§81). 

33. Centrifugal Force of Train.—Structures located on curves shall be designed for the 
centrifugal force of the live load acting at the top of the rail, The centrifugal force shall be calcu- 
lated by the following formula: C = (0 043 — 0.003 D) W-D; where C = centrifugal force in Ib.; 
W = weight of train in lb.; and D = degree of curvature. 

34. Longitudinal Forces.—The stresses produced in the bracing of the trestle towers, in any 
members of the trusses, or in the attachments of the girders or trusses to their bearings, by sud- 
denly stopping the maximum electric car trains on any part of the work must be provided for; 
the coefficient of friction of the wheels on the rails being assumed as 0.20. 

‘ 35. ae parts shall be so designed that the stresses coming upon them can be accurately 
calculated. 
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PART III. UNIT STRESSES AND PROPORTION OF PARTS. 


36. Unit Stresses.—Alf parts of the structure shall be proportioned so that the sum of the 
maximum stresses shall not exceed the following amounts in lb. per sq. in., except as modified by 
§45 and §48. 

Impact.—The dynamic increment of the live load stress shall be added to the maximum live 
load stresses as follows: 

For the floor and its supports including floor slabs, floor joist, floorbeams and hangers, 30 
per cent. 

For all truss members other than the floor and its supports, the impact increment shall be 
I = 100/(L + 300), where L = length of span for simple highway spans (for trestle bents, towers, 
movable bridges, arch and cantilever bridges, and for bridges carrying electric trains, L shall be 
taken as the loaded length of the bridge in feet producing maximum stress in the member). 

Impact shall not be added to the stresses produced by longitudinal, centrifugal and lateral or 
wind forces. 

37. Tension.—Axial tension on net section......-....--..+. cece e eet pee states 16,000 

The lengths of riveted tension members in horizontal or inclined positions shall not exceed 
200 times their radius of gyration about the horizontal axis. The horizontal projection of the 
unsupported portion of the member is to be considered as the effective length. 

38. Compression.—Axial compression on gross section. ........+.+.+++++5- 16,000 — 70'l/r 
with a maximum of 14,000 lb.; where ‘‘/’”’ is the length of member in inches and “‘r’’ is the least 
radius of gyration in inches. 

No compression member, however, shall have a length exceeding 100 times its least radius of 
gyration for main members or 120 times for laterals for classes A, B, C, Ei, Ex, and Es; or 125 times 
its least radius of gyration for main members or 150 times for laterals for classes D, and D.. 

39. Bending.—Bending: on extreme fibers of rolled shapes, built sections and girders; 


in CACMONY, 5h po Ope HOC BODO CO DOD DN ao Grice Seeic eon Comoro © Reso oro 16,000 
on extreme fibers of pins. ... 1... cece etree eee eee ene e nnn e cence 24,000 
40. Shearing.—Shearing: shop driven rivets and pins...... SE aa OOD AOS o SIE c 12,000 
field driven rivets and turned bolts... ....... eee ee cece ee eee erence ten ceees 10,000 
plate girder webs; gross section. ..........se eres cece eee e eset eee e reece: 10,000 
41. Bearing.—Bearing: shop driven rivets and POLLS ee io = clalsheictais) «scoters: oT) he) obeletevetaray 24,000 
field driven rivets and turned bolts... ....... cece ee cece eee e ee eee eeeeees 20,000 
granite masonry and Portland cement concrete. ....++++++seee sree ee eeeeres 600 
sandstone and limestone. . 2... cece eee eee cece tee tees e esse eens eseeeers 400 
expansion rollers; per linear inch. ........- 1s seeee sete reece ences teen eeees 600d 


where ‘‘d’’ is the diameter of the roller in inches. 

Rivets shall not be used in direct tension, except for lateral bracing where unavoidable; in 
- which case the value for direct tension on the rivet shall be taken the same as for single shear. 

42. Alternate Stresses.—Members subject to alternate stresses of tension and compression 
shall be proportioned for the stresses giving the largest section. If the alternate stresses occur 
in succession during the passage of one train, as in stiff counters, each stress shall be increased by 
50 per cent of the smaller. The connections shall in all cases be proportioned for the sum of the 
stresses. 

43. Angles in Tension.—When single-angle members subject to direct tension are fastened by 
one leg, only seventy-five per cent of the net area shall be considered effective. Angles with lug 
angle connections shall not be considered as fastened by both legs. 

44. Net Section—In members subject to tensile stresses full allowance shall be made for 
reduction of section by rivet-holes, screw-threads, etc. In calculating net area the rivet-holes 
shall be taken as having a diameter 3 in. greater than the normal size of rivet. ; 

45. Long Span Bridges.—For long span bridges, where the ratio of the length to width of 
span is such that it makes the top chords acting as a whole, a longer column than the segments of 
the chords, the chord-shall be proportioned for the greater length. é 

46. Wind Stresses.—The stresses in truss members or trestle posts from assumed wind forces 
need not be considered except as follows: 

1. When the direct wind stresses per square inch in any member exceed 25 per cent of the 
stresses due to dead and live loads in the same member. The section shall then be increased 
until the total unit stress shall not exceed by more than 25 per cent the maximum allowable 
stress for dead and live loads. 

2, When the wind stress alone or in combination with a possible temperature stress can 
neutralize or reverse the stresses in the member. 

When both direct and flexural stresses due to wind are considered 50 per cent may be added 
to allowable stresses for dead and live loads, provided the area thus obtained is not less than re~ 
quired for dead and live loads alone, or for dead, live and direct wind loads designed as in §46. 

47. Combined Stresses.—Members subjected to direct and bending stresses shall be designed 
so that the greatest fiber stress shall not exceed the allowable unit stress on the member, 


142 STEEL HIGHWAY BRIDGES. Caras. INL 


48. Stress Due to Weight and Eccentric Loading.—If the fiber stress due to weight and 
eccentric loading on any member exceeds 10 per cent of the allowable unit stress on the member 
such excess must be considered in proportioning the member. See $46. 

9. Counters.—Counters in bridges carrying electric cars shall be designed so that an increase 
of the live load of 25 per cent will not increase the stress in the counters more than 25 per cent. 

50. Design of Plate Girders.—Plate girders shall be proportioned either by the moment of 
inertia of their net section; or by assuming that the flanges are concentrated at their centers of 
gravity, in which case one-eighth of the gross section of the web, if properly spliced, may be used 
as flange section. The thickness of web: plates shall be not less than ¥ in., nor less than 1/160 of 
the unsupported distance between flange angles. 

Compression Flanges.—In beams and plate girders the compression flanges shall have the 
same gross section as the tension flanges. Through plate girders shall have their top flanges 
stayed at each end of every floorbeam, or in case of solid floors, at distances not exceeding 12 ft., by 
knee braces or gusset plates. The’ stress per sq. in. in compression flange of any beam or girder 
shall not exceed 16,000 — 200-//b, when flange consists of angles only or if cover consists of flat 
plates, or 16,000 — 150 J/b if cover consists of a channel section, where / = unsupported distance 
and 6 = width of flange. 

51. Web Stiffeners.—There shall be web stiffeners, generally in pairs, over bearings, at points 
of concentrated loading, and at other points where the thickness of the web is less than 75 of the 
unsupported distance between flange angles. The distance between stiffeners shall not exceed 
that given by the following formula, with a maximum limit of six feet (and not greater than the 
clear depth of the web): d = ¢ (12,000 — s)/40. 

Where d = clear distance, between stiffeners of flange angles; # = thickness of web; s = shear. 

er sq. in. 
‘ The stiffeners at ends and at points of concentrated loads shall be proportioned by the formula 
of paragraph 38, the effective length being assumed as one-half the depth of girders. End stiffeners 
and those under concentrated loads shall be on fillers and have their outstanding legs as wide as 
the flange angles will allow and shall fit tightly against them. Intermediate stiffeners may be 
offset or on fillers, and their outstanding legs shall be not less than one-thirtieth of the depth of 
girder, plus 2 in. 

52, Flange Rivets.—The flanges of plate girders shall be connected to the web with a sufficient 
number of rivets to transfer the total shear at any point in a distance equal to the effective depth 
of the girder at that point combined with any load that is applied directly on the flange. The 
wheel loads, where the ties rest on the flanges, shall be assumed to be distributed over three ties. 

53. Depth Ratios.—Trusses shall preferably have a depth of not less than one-tenth of the 
span. Plate girders and rolled beams, used as girders, shall preferably have a depth of not less 
than one-twelfth of the span. If shallower trusses, girders or beams are used, the section shall be 
increased so that the maximum deflection will not be greater than if the above limiting ratios had 
not been exceeded. For steel joists and track stringers, see § 19. 

54. Low Trusses.—Riveted low trusses shall have top chords composed of a double web mem- 
ber with cover plate. The top chords shall be stayed against lateral bending by means of brackets 
or knee braces rigidly connected to the floorbeam at intervals not greater than twelve times the 
width of the cover plate. The posts shall be solid web members. The floorbeams shall be riveted, 
preferably above the lower chord. Pin-connected low truss bridges shall not be used. 

55. Rolled Beams.—Rolled beams shall be designed by using their moments of inertia. The 
webs of rolled beams and plate girders shall be assumed to take all the shear. 


PART IV. DETAILS OF DESIGN. 


GENERAL REQUIREMENTS. 


56. Open Sections.—Structures shall be so designed that all parts will be accessible for in- 
spection, cleaning and painting. ; 

57. Water Pockets.—Pockets or depressions which would hold water shall have drain holes, 
or be filled with waterproof material. 

58. Symmetrical Sections.—Main members shall be so designed that the neutral axis will be 
as nearly as practicable in the center of section, and the neutral axes of intersecting main members 
- of trusses shall meet at a common point. 

sg. Counters.—Rigid counters are preferred; and where subject to reversal of stress shall 
preferably have riveted connections to the chords, Adjustable counters shall have open turn- 
buckles. 

60. Strength of Connections.—The strength of connections shall be sufficient to develop the 
full strength of the member, even though the computed stress is less, the kind of stress to which 
the member is subjected being considered. ; 

61. Minimum Thickness.—The minimum thickness of metal shall be 5 in. in classes A, B, 
C, Ei, Ey and Es, except for fillers; and } in. in classes D, and D2, except for fillers and webs of chan- 
nels. Webs of channels for classes D; and Dz may have a minimum thickness of 0.20 in. The 
minimum angle shall be 2 in.x2 in.x}in. The minimum rod shall have an area of at least 
I sq. in., in all classes except D, and Ds, which shall have no rods less than #in.in diameter. Webs 
of plate girders shall not be less than 75 in. 

62. Pitch of Rivets—The minimum distance between centers of rivet holes shall be three 
diameters of the rivet; but the distance shall preferably be not less than 3 in. for 4-in. rivets, 
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21 in. for 3-in. rivets, and 2 in. for §-in. rivets. The maximum pitch in the line of stress for 
members composed of plates and shapes shall be 16 times the thickness of the thinnest outside 
plate or 6 in. For angles with two gage lines and rivets staggered, the maximum shall be twice 
the above in each line. Where two or more plates are used in contact, rivets not more than 12 in. 
apart in either direction shall be used to hold the plates well together. In tension members com- 
posed of two angles in contact, a pitch of 12 in. will be allowed for riveting the angles together. 

63. Edge Distance.—The minimum distance from the center of any rivet hole to a sheared 
edge shall be 13 in. for j-in. rivets, 17 in. for 3-in. rivets, and 14 in. for -in. rivets, and to a rolled 
edge 11, 14 and 1 in., respectively. The maximum distance from any edge shall be eight times 
the thickness of the plate, but shall not exceed 6 in. 

64. Maximum Diameter.—The diameter of the rivets in any angle carrying calculated stress 
shall not exceed one-quarter the width of the leg in which they are driven. In minor parts §-in. 
rivets may be used in 3-in. angles, {-in. rivets in 2}-in. angles, and #-in. rivets in 2-in. angles. 

65. Long Rivets.—Rivets carrying calculated stress and whose grip exceeds four diameters 
shall be increased in number at least one per cent for each additional 7g-in. of grip. 

66. Pitch at Ends.—The pitch of rivets at the ends of built compression members shall not 
exceed four diameters of the rivets, for a length equal to one and one-half times the maximum 
width of member. 

67. Compression Members.—In compression members the metal shall be concentrated as 
much as possible in webs and flanges. The thickness of each web shall be not less than one- 
thirtieth of the distance between its connections to the flanges. Cover plates shall have a thickness 
not less than one-fortieth of the distance between rivet lines. 

~ 68. Minimum Angles.—Flanges of girders and built members without cover plates shall 
have a minimum thickness of one-twelfth of the width of the outstanding leg. 

69. Batten Plates.—The open sides of all compression members shall be stayed by batten 
plates at the ends and diagonal lattice-work at intermediate points. The batten plates must be 
placed as near the ends as practicable, and shall have a length not less than the greatest width of 
the member or 13 times its least width. 

70. Lattice Bars.—The latticing of compression members shall be proportioned to resist 
the shearing stresses corresponding to the allowance for flexure for uniform load provided in the 
column formula in paragraph 38 by the term 70//r. They must not be less in width than 1} in. 
for members 6 in. in width, 12 in. for members 9 in. in width, 2 in. for members 12 in. in width, 
21 in. for members 15 in. in width, nor 25 in. for members 18 in. and over in width. Single lattice 
bars shall have a thickness not less than one-fortieth, or double lattice bars connected by a rivet 
at the intersection, not less than one-sixtieth of the distance between the rivets connecting them 
tothe members. They shall be inclined at an angle not less than 60° to the axis of the member for 
single latticing, nor less than 45° for double latticing with riveted intersections. 

71. Spacing of Lattice Bars.—Lattice bars shall be so spaced that the portion of the flange 
included between their connection shall be as strong as the member as a whole. The pitch of 
the lattice bars must not exceed the width of the channel plus nine inches. 

72. Rivets in Flanges.—Five-eighths-inch rivets shall be used for latticing flanges less than 
2} in. wide; 3-in. for flanges from 2} to 33 in. wide; 4-in. rivets shall be used in flanges 33 in. and 
over, and lattice bars with two rivets shall be used for flanges over 5 in. wide. 

73. Splices.—In compression members joints with abutting faces planed shall be placed as 
near the panel points as possible, and must be spliced on all sides with at least two rows of rivets 

_on each side of the joint. Joints with abutting faces not planed shall be fully spliced. Joints in 
tension members shall be fully spliced. 
4. Pin Plates.—Where necessary, pin-holes shall be reinforced by plates, some of which 
- must be of the full width of the member, so the allowed pressure on the pins shall not be exceeded, 
and so the stresses shall be properly distributed over the full cross-section of the members. These 
reinforcing plates must contain enough rivets to transfer their proportion of the bearing pressure, 
and at least one plate on each side shall extend not less than 6 in. beyond the edge of the nearest 
batten plate.. d 

75. Riveted Tension Members.—Riveted tension members shall have an effective section 
through the pin-holes 25 per cent in excess of the net section of the member, and back of the pin 
at least 75 per cent of the net section through the pin-hole. 

. 76,.Pins.—Pins shall be long enough to insure a full bearing of all the parts connected upon 
the turned body of the pin. The diameter of the pin shall not be less than 3 of the depth of any 
eye-bar attached to it.* They shall be secured by chambered Lomas nuts or be provided with 
poriete if solid nuts are used. The screw ends shall be long enough to admit of burring the 
threads. 

77. Filling Rings.—Members packed on pins shall be held against lateral movement. 

78. Bolts—Where members are connected by bolts, the turned body of these bolts shall be 
long enough to extend through the metal. A washer at least { in. thick shall be used under the 

* The allowable bearing stress = ¢ allowable tensile stress. 
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nut. Bolts shall not be used in place of rivets except by special permission. Heads and nuts shall 
be hexagonal. 

79. Indirect Splices.—Where splice plates are not in direct contact with the parts which 
they connect, rivets shall be used on each side of the joint in excess of the number theoretically 
required to the extent of one-third of the number for each intervening plate. 

80. Fillers.—Rivets carrying stress and passing through fillers shall be increased 50 per cent 
in number; and the excess rivets, when possible, shall be outside of the connected member. ; 

81. Expansion.—Provision for expansion to the extent of 4 in. for each 10 ft. shall be made 
for all bridge structures. Efficient means shall be provided to prevent excessive motion at any 
one point (§32). 

82. Expansion Bearings.—Spans of 60 ft. and over resting on masonry shall have turned 
rollers or rockers at one end; and those of less length shall be arranged to slide on smooth surfaces. 

. 83. Fixed Bearings.—Movable bearings shall be designed to permit motion in one direction 
only. Fixed bearings shall be firmly anchored to the masonry (§87). 

84. Rollers.—Expansion rollers shall be not less than 3 in. in diameter for spans of 100 feet 
and less, and shall be increased 1 in. for each 100 ft. additional. They shall be coupled together 
with substantial side bars, which shall be so arranged that the rollers can be readily cleaned. 

85. Bolsters.—Bolsters or shoes shall be so constructed that the load will be distributed over 
the entire bearing. 

86. Pedestals and Bed Plates.—Built pedestals shall be made of plates and angles. All 
bearing surfaces of the base plates and vertical webs must be planed. The vertical webs must be 
secured to the base by angles having two rows of rivets in the vertical legs. No base plate or web 
connecting angle shall be less in thickness than 3 in. ‘The vertical webs shall be of sufficient height 
and must contain material and rivets enough to practically distribute the loads over the bearings 
or rollers. 

Where the size of the pedestal permits, the vertical webs must be rigidly connected trans- 
versely. . 

87. All the bed-plates and bearings under fixed and movable ends must be fox-bolted to the 
masonry; for trusses, these bolts must not be less than 14 in. diameter; for plate and other girders, 
not less than } in. diameter. 

_ The details of cast iron or cast steel shoes shall be subject to the special approval of the en- 
gineer. . ; 

88. Wall Plates.—Wall plates may be cast or built up; and shall be so designed as to distrib- 
ute the load uniformly over the entire bearing. They shall be secured against displacement. 

89. Anchorage.—Anchor bolts for viaduct towers and similar structures shall be long enough 
to engage a mass of masonry the weight of which is at least one and one-half times the uplift (§11). 

90. Inclined Bearings.—Bridges on an inclined grade without pin shoes shall have the sole 
plates beveled so that the masonry and expansion surfaces may be level. 

g1. Camber.—Truss spans shall be given a camber by making the panel length of the top 
chords, or their horizontal projections, longer than the corresponding panels of the bottom chord 
in the proportion of #3 in. in 10 ft. Plate girder spans need not be cambered. " 

92. Eye-bars.—The eye-bars composing a member shall be so arranged that adjacent bars 
shall not have their surfaces in contact; they shall be as nearly parallel to the axis of the truss as 
possible, the maximum inclination of any bar being limited to one inch in 16 ft. 


PART V. MATERIALS AND WORKMANSHIP. 


MATERIAL. 

93. Process of Manufacture.—Steel shall be made by the open-hearth process and shall 
comply with the standard specifications of the Am. Ry. Eng. Assoc. 

(Sections 94 to 117 inclusive cover the Am. Ry. Eng. Assoc. Specifications for steel, see 
specifications for railroad bridges, Chapter IV.) 

118. Timber.—The timber shall be strictly first-class spruce, white pine, Douglas fir, Southern 
yellow pine, or white oak bridge timber; sawed true and out of wind, full size, free from wind 
shakes, large or loose knots, decayed or sapwood, wormholes or other defects impairing its strength 
or durability. 

WORKMANSHIP. 


119. General.—All parts forming a structure shall be built in accordance with approved 
drawings. The workmanship and finish shall be equal to the best practice in modern bridge works. 

120. Straightening Material.—Material shall be thoroughly straightened in the shop, by 
methods that will not injure it, before being laid off or worked in any way. 

121. Finish.—Shearing shall be neatly and accurately done and all portions of the work 
exposed to view neatly finished. 

122. Size of Rivets.—The size of rivets, called for on the plans, shall be understood to mean 
the actual size of the cold rivet before heating. 
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123. Rivet Holes.—When general reaming is not required the diameter of the punch shall 
not be more than 7; in. greater than the diameter of the rivet; nor the diameter of the die more than 
2 in. greater than the diameter of the punch. Material more than # in. thick shall be sub-punched 
and reamed or drilled from the solid. 

124. Punching.—All punching shall be accurately done. Drifting to enlarge unfair holes 
will not be allowed. If the holes must be enlarged to admit the rivet, they shall be reamed. 
Poor matching of holes will be cause for rejection. 

125. Sub-punching and Reaming.—Where reaming is required, the punch used shall have a 
diameter not less than 3; in. smaller than the nominal diameter of the rivet. Holes shall then be 
reamed to a diameter not more than 7; in.. larger than the nominal diameter of the rivet. All 
reaming shall be done with twist drills. (§140.) : 

126. Reaming After Assembling.—When general reaming is required it shall be done after 
the pieces forming one built member are assembled and firmly bolted together. If necessary to 
take the pieces apart for shipping and handling, the respective pieces reamed together shall be 
so marked that they may be reassembled in the same position in the final setting up. No inter- 
change of reamed parts will be allowed. 

127. Edge Planing.—Sheared edges or ends shall, when required, be planed at least § in. 

128. Burrs.—The outside burrs on reamed holes shall be removed. 

129. Assembling.—Riveted members shall have all parts well pinned up and firmly drawn 
together with bolts, before riveting is commenced. Contact surfaces to be painted. 

130. Lattice Bars.—Lattice bars shall have neatly rounded ends, unless otherwise called for. 

131. Web Stiffeners.—Stiffeners shall fit neatly between flanges of girders. Where tight 
fits are called for, the ends of the stiffeners shall be faced and shall be brought to a true contact 
bearing with the flange angles. 

132. Splice Plates and Fillers.—Web splice plates and fillers under stiffeners shall be cut to 
fit within } in. of flange angles. 

133. Web Plates.—Web plates of girders, which have no cover plates, shall be flush with 
the backs of angles or project above the same not more than ¢ in., unless otherwise called for. 
When web plates are spliced, not more than ¢ in. clearance between ends of plates will be allowed. 

134. Connection Angles.—Connection angles for floorbeams and stringers shall be flush 
with each other and correct as to position and length of girder. In case milling (of all such angles) 
is needed or is required after riveting, the removal of more than 7; in. from their thickness will be 
cause for rejection. 

135. Rivets.—Rivets shall be driven by pressure tools wherever possible. Pneumatic 
hammers shall be used in preference to hand driving. 

136. Riveting.—Rivets shall look neat and finished, with heads of approved shape, full and 
of equal size. They shall be central on shank and grip the assembled pieces firmly. Recupping 
and calking will not be allowed. Loose, burned or otherwise defective rivets shall be cut out and 
replaced. In cutting out rivets, great care shall be taken not to injure the adjacent metal. If 
necessary, they shall be drilled out. 

137. Turned Bolts.—Wherever bolts are used in place of rivets which transmit shear, the 
holes shall be reamed parallel and the bolts turned to a driving fit. A washer not less than } in. 
thick shall be used under nut. 

138. Members to be Straight.—The several pieces forming one built member shall be straight 
and fit closely together, and finished members shall be free from twists, bends or open joints. 

139. Finish of, Joints.—Abutting joints shall be cut or dressed true and straight and fitted 
close together, especially where open to view. In compression joints, depending on contact 
bearing, the surfaces shall be truly faced, so as to have even bearings after they are riveted up 
complete and when perfectly aligned. 

140. Field Connections.—Holes for floorbeam and stringer connections shall be sub-punched 
and reamed according to paragraph 125, to a steel templet one inch thick. (If required, all 
other field connections, except those for laterals and sway bracing, shall be assembled in the shop 
and the unfair holes reamed; and when so reamed, the pieces shall be match-marked before being 
taken apart.) 

141. Eye-bars.—Eye-bars shall be straight and true to size, and shall be free from twists, folds 
in the neck or head, or any other defect. Heads shall be made by upsetting, rolling or forging. 
Welding will not be allowed. The form of heads will be determined by the dies in use at the 
works where the eye-bars are made, if satisfactory to the engineer, but the manufacturer shall 
guarantee the bars to break in the body when tested to rupture. The thickness of head and 
neck shall not vary more than 3 in. from that specified. 

142. Boring Eye-bars.—Before boring, each eye-bar shall be properly annealed and care- 
fully straightened. Pin-holes shall be in the center line of bars and in the center of heads. Bars 
of the same length shall be bored so accurately that, when placed together, pins 7 in. smaller in 
diameter than the pin-holes can be passed through the holes at both ends of the bars at the same 
time ihout forcing. ‘ 
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143. Pin-Holes.—Pin-holes shall be bored true to gages, smooth and straight; at right angles 
to the axis of the member and parallel to each other, unless otherwise called for. The boring shall 
be done after the member is riveted up. 

144. Variation in Pin-Holes.—The distance center to center of pin-holes shall be correct 
within 2; in., and the diameter of the holes not more than +; in. larger than that of the pin, for 
pins up to 5-in. diameter, and 3 in. for larger pins. 

145. Pins and Rollers.—Pins and rollers shall be accurately turned to gages and shall be 
straight and smooth and entirely free from flaws. 

146. Screw Threads.—Screw threads shall make tight fits in the nuts and shall be.U. S. 
standard, except above the diameter of 1j in., when they shall be made with six threads per inch. 

147. Annealing.—Stcel, except in minor details, which has been partially heated, shall- be 
properly annealed. 

148. Steel Castings.—All steel castings shall be annealed. 

149. Welds.—Welds in steel will not be allowed. 

150, Bed Plates.—Expansion bed plates shall be planed true and smooth. Cast wall plates 
shall be planed top and bottom. The cut of the planing tool shall correspond with the direction 
of expansion. 

151. Pilot Nuts.—Pilot and driving nuts shall be furnished for each size of pin, in such 
numbers as may be ordered. 

152. Field Rivets.—Field rivets shall be furnished to the amount of I5 per cent plus ten 
rivets in excess of the nominal number required for each size. 

: 53. Shipping Details.—Pins, nuts, bolts, rivets and other small details shall be boxed or 
crated. ; 

154. Weight.—The weight of every piece and box shall be marked on it in plain figures. 

155. Finished Weight—Payment for pound price contracts shall be by scale weight. No 
allowance over 2 per cent of the total weight of the structure as computed from the plars will be 
allowed for excess weight. 


SHOP PAINTING. 


156. Cleaning.—Steel work, before leaving the shop, shall be thoroughly cleaned and given 
one good coating of pure linseed oil, or such paint as may be called for, well worked into all joints 
and open spaces. 

157. Contact Surfaces.—In riveted work, the surfaces coming in contact shall each be painted 
before being riveted together. 

158. Inaccessible Surfaces.—Pieces and parts which are not accessible for painting after 
erection, including tops of stringers, eye-bar heads, ends of posts and chords, etc., shall have a 
good coat of paint before leaving the shop. 

159. Condition of Surfaces.—Painting shall be done only when the surface of the metal is 
perfectly dry. It shall not be done in wet or freezing weather, unless protected under cover. 

160. Machine-finished Surfaces——Machine-finished surfaces shall be coated with white 
lead and tallow before shipment or before being put out into the open air. 


INSPECTION AND TESTING AT THE SHOP AND MILL. 


161. Facilities for Shop Inspection.—The manufacturer shall furnish all facilities for inspecting 
and testing the weight and quality of workmanship at the shop where material is manufactured. 
He shall furnish a suitable testing machine for testing full-sized members, if required. 

162. Starting Work in Shop.—The purchaser shall be notified well in advance of the start 
of the work in the shop, in order that he may have an inspector on hand to inspect material and 
workmanship. 

163. Copies of Mill Orders.—The purchaser shall be furnished complete copies of mill orders, 
and no material shall be rolled, nor work done, before the purchaser has been notified where the 
orders have been placed, so that he may arrange for the inspection. 

164. Facilities for Mill Inspection.—The manufacturer shall furnish all facilities for inspecting 
and testing the weight and quality of all material at the mill where it is manufactured. He shall 
furnish a suitable testing machine for testing the specimens, as well as prepare the pieces for the 
machine, free of cost. 

165. Access to Mills.—When an inspector is furnished by the purchaser to inspect material 
at the mills, he shall have full access, at all times, to all parts of mills where material to be inspected 

by him is being manufactured. ; 

166. Access to Shop.—When an inspector is furnished by the purchaser, he shall have full 
aoa a all times, to all parts of the shop where material under his inspection is being manu- 

actured. s 
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167. Accepting Material or Work.—The inspector shall stamp each piece accepted with a 
private mark. Any piece not so marked may be rejected at any time, and at any stage of the 
work. If the inspector, through an oversight or otherwise, has accepted material or work which 
is defective or contrary to the specifications, this material, no matter in what stage of completion, 
may be rejected by the purchaser. 

168. Shop Plans.—The purchaser shall be furnished complete shop plans (§13). 

169. Shipping Invoices.—Complete copies of shipping invoices shall be furnished to the 
purchaser with each shipment. 


FULL-SIZED TESTS. 


- 170. Test to Prove Workmanship.—Full-sized tests on eye-bars and similar members, to 
prove the workmanship, shall be made at the manufacturer’s expense, and shall be paid for by 
the purchaser at contract price, if the tests are satisfactory. If the tests are not satisfactory, the 
members represented by them will be rejected. 

171. Eye-bar Tests.—In eye-bar tests, the fracture shall be silky, the elongation in 1o ft., 
including the fracture, shall be not less than 15 per cent; and the ultimate strength and true 
elastic limit shall be recorded (§141). 


ERECTION. 


172. If the contractor erects the bridge he shall, unless otherwise specified, furnish all staging 
and falsework, erect and adjust all metal work, and shall frame and put in place all floor timbers, 
guard timbers, trestle timbers, etc., complete ready for traffic. 

173. The contractor shall put in place all stone bolts and anchors for attaching the steel 
work to the masonry. He shall drill all the necessary holes in the masonry, and set all bolts with 
neat Portland cement. 

174. The erection will also include all necessary hauling from the railroad station, the un- 
loading of the materials and their proper care until the erection is completed. 

175. Whenever new structures are to replace existing ones, the latter are to be carefully taken 
down and removed by the contractor to some place where the material can be hauled away. 

176. The contractor shall so conduct his work as not to interfere with traffic, interfere with 
the work of other contractors, or close any thoroughfare on land or water. 

177. The contractor shall assume all risks of accidents and damages to persons-and properties 
prior to the acceptance of the work. 

178. The contractor must remove all falsework, piling and other obstructions or unsightly 
material produced by his operations. s 


PAINTING AFTER ERECTION. 


179. After the bridge is erected the metal work shall be thoroughly cleaned of mud, grease 
or other material, then thoroughly and evenly painted with two coats of paint of the kind specified 
by the engineer, mixed with linseed oil. All recesses which may retain water, or through which 
water can enter, must be filled with thick paint or some waterproof cement before the final painting. 
The different coats of paint must be of distinctly different shades or colors, and one coat must 
be allowed to dry thoroughly before the second coat is applied. All painting shall be done with 
round brushes of the best quality obtainable on the market. The paint shall be delivered on the 
work in the manufacturer’s original packages and is subject to inspection. If tests made by the 
inspector shows that the paint is adulterated, the paint will be rejected and the contractor shall 
pay the cost of the analyses, and shall scrape off and thoroughly clean and repaint all material 
that has been painted with the condemned paint. The paint shall not be thinned with anything 
whatsoever; in cold weather the paint may be thinned by heating under the direction of the 

‘inspector. No turpentine nor benzine shall be allowed on the work, except by the permission of 
the inspector, and in such quantity as he shall allow. The inspector shall be notified when any 
painting is to be done by the contractor, and no painting shall be done until the inspector has 
approved the surface to which the paint is to be applied. Paint shall not be applied out of doors 
in freezing, rainy, or misty weather, and all surfaces to which paint is to be applied shall be dry, 
clean and warm. In cool weather the paint may be thinned by heating, and this may be required 
by the inspector. 

REFERENCES.—For the calculation of stresses in bridge trusses and plate girders, for 
details of bridges, for the design of bridge details, and for additional examples of highway 


bridges, see the author’s “‘ The Design of Highway Bridges.” 


CHAPTER IV. 
STEEL RAILWAY BRIDGES. 


TYPES OF STEEL BRIDGES.—The same types of trusses are used for railway as for high- 
way bridges, Fig. 4, Chapter III. Beam bridges are used for short spans, and plate girders up to 
spans of about 125 ft. Riveted truss spans are used for spans of 100 ft. and upwards. Pin-con- 
nected truss spans are still used for long span bridges and by a few railroads for spans of 150 ft. 
and upwards. Many railroads are building riveted trusses for spans of more than 200 ft., and 
riveted truss spans of 300 ft. are not uncommon. The new terminal bridge over the Missouri 
River at Kansas City, Mo., has riveted trusses with a span of 425 ft. 63 in. The Norfolk & West- 
ern R. R. has constructed a double track bridge over the Ohio River with a span of 520 ft., which 
is riveted with the exception of four bottom chord panel points, which have pin joints. The 
lengths and types of railway bridges as used by different railroads are given in Table XII in the 
latter part of this chapter. The longest simple truss span is 668 ft. and is in the Municipal Bridge 
over the Mississippi River at St. Louis, Mo. The maximum practical length of simple span truss 
bridges made of carbon steel is about 550 feet; while with nickel steel it is practical to build simple 
truss spans up to 750 feet and economical to build simple truss spans up to 700 feet. The pro- 
posed Metropolis Bridge over the Ohio River will be a double track simple truss bridge with a 
span of 720 feet. 
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Fic. 1. DIAGRAMMATIC SKETCH OF A RamLway Truss BRIDGE. 
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Fic. 2. Ramway STEEL TRESTLE. 


TABLE I. 


DATA ON RAILROAD BRIDGES DESIGNED UNDER COMMON STANDARD (HARRIMAN LINES) 
SPECIFICATIONS C. S. 1006. 


SINGLE TRACK BRIDGES. DousBLE TRACK BRIDGES. 


Distance Distance 
Length| Center to | Dist. C. to C. of A Center to | Dist. C. to C. of | 
of Center of Chords or B.'to | - Center of Chords or B. to 
Span, | Trusses or B. of Angles, b Trusses or B. of Angles, s 
Ft. Girders, Ft.-In. Ft. Girders, Ft.-In. 
_ Ft.-In. Ft.-In. © 


Through Plate Girders Through Plate Girders 
2 8-0} 
9-03 
9-63 
10-03 
10-64 


O00 ON ANY 


i] 


Deck Plate Girder _ Through Rivet Span 
I- 8 
4- 03 
qt} 
S-Ilg 
6- 54 
fase! 
si 
3 
zi 
Through Rivet Span Through Pin Span 
29- O 3350 
29- 0 sass Sats 
30-0 Anat ke 
31-0 40-0 
31-0 
Through Pin Span 
3I- 0 
32-0 
fie 
32-& 38 
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A diagramatic sketch of a truss railway bridge is shown in Fig. 1. The names of the different 
members are shown on the diagram. The floor may be carried on two or more stringers. Two! 
stringers are commonly used for an open timber floor and two or four stringers for a ballasted floor.. 

A railway steel trestle is shown in Fig. 2. Steel trestles are commonly built with the inter- 
mediate spans equal to twice the tower spans; 60 feet and 30 feet, and 80 feet and 40 feet being 
common lengths of span. 

Swing, movable, cantilever and suspension bridges will not be considered in this chapter. 
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WEIGHTS OF RAILWAY BRIDGES.—The weights of railway bridges vary with the 
loading, the specifications, the span, the width, the type of floor, and with the design. The weights 
of the total structural steel in single track bridges of different types as designed and built by the 
Chicago, Milwaukee & St. Paul Ry. are given in Fig. 3 to Fig. 10, inclusive. 

Weights of single track plate girder spans as designed and built by the Illinois Central Rail- 
road are given in Fig. 11, Fig. 12 and Fig. 13; weights of single track through bridges are given in 
Fig. 14, weights of signal bridges are given in Fig. 15, and weights of single track draw spans are 
given in Fig. 16. Weights and other data for railway bridges designed by the Harriman Lines, 
under ‘‘Common Standard Specification 1006” (approximately equal to Cooper’s E 55), are given 
in Table I. 

Weights of single track steel viaducts as designed by the McClintic-Marshall Construction 
Co. are given in Fig. 17. 
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For the relative weights of railway bridges built of carbon and of nickel steel, see paper 
entitled ‘‘ Nickel Steel for Bridges,’’ by Mr. J. A. L. Waddell, M. Am. Soc. C. E., printed in Trans, 
Am. Soc. C. E., Vol. 63, 1909. 
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LOADS.—The dead load of a railway bridge is assumed to act at the joints the same as in a 
highway bridge. The dead joint loads are commonly assumed to act on the loaded chord, but 
may be assumed as divided between the panel points of the two chords, one-third and two-thirds 
of the dead loads usually being assumed as acting at the panel points of the unloaded and the 
loaded chords, respectively, see discussion of specifications in the last part of this chapter, 

The live load on a railway bridge consists of wheel loads, the weights and spacing of the 
wheels depending upon the type of the rolling stock used. ‘The locomotives and cars differ so 
much that it would be difficult if not impossible to design the bridges on any railway system for 
the actual conditions, and conventional systems of loading, which approximate the, actual con- 
ditions, are assumed. The conventional systems for calculating the live load stresses in railway 
bridges that have been most favorably received are: (1) Cooper’s Conventional System of Wheel 
Concentrations; (2) the use of an Equivalent Uniform Load; and (3) the use of a uniform load 
and one or two wheel concentrations. In addition to these some railroads specify special engine 
loadings. The three <aethods will be briefly described. 
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Cooper’s Conventional System of Wheel Concentrations.—In Cooper's loadings two con- 
solidation locomotives are followed by a uniformly distributed train load. The typical loading 
for Cooper’s Class E 40, E 45, E50, E55 and E 60, are shown in Fig. 18. The loads on the 
drivers in thousands of pounds and the uniform train load in hundreds of pounds are the same as 
the class number. The wheel spacings are the same for all classes. The stresses for Cooper’s 
loadings calculated for one class may be used to obtain the stresses due to any other class loading. 
For example, the live load stresses in any truss due to Cooper’s Class E 60 are equal to $ of the 
stresses in the same truss due to Class E 40 loading. The E 50, E 55 and E 60 loadings are those 
most used for steam railways in the United States. In bridges designed for Class E 40 loading 
and under the floor system must in addition be designed for two moving loads of 50,000 !b. each, 
spaced 6 ft. apart on each track. The special loads for Class E 50 are 60,000 Ib. with the same 
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spacing. The American Railway Engineering Association has adopted Cooper’s loadings, except 
that the special loads are spaced 7 ft. The live loads used by several prominent railroads are 
given in Table XVI. The heaviest locomotives in use on American railroads as given in Bulletin 
No. 161, November 1913, of the Am. Ry. Eng.Assoc., by Mr. J. E. Greiner, Consulting Engineer, 
are given in Table II]. The maximum stresses in terms of the maximum stresses for E 50 loading 
for spans between 100 ft. and to ft. are given in the last two columns. The ratios for spans 
greater than 100 ft. are less than for those given. The larger ratio is for short spans so that by 
increasing the special concentrated loads a bridge designed for an E 50 loading will safely carry 
the heaviest engines now in use. 
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Total Weight in Hundred Thousand Lbs. 


Total Wetght in Hundred Thousand Lbs. 


° £50 
y, curve £55 
y 0 4 4 ESO 
O 25 50 78 100 125 150 175 200. 0. $0. 100 150 200 250 300 350 400 450 
Spanin Feet.. i Span in Feel. 
Fic. 9. "Wercut or SINGLE TRACK THroucH Fic. 10. WEIGHT OF SINGLE TRACK THROUGH 
RIvETED Truss SPANS. CHICAGO, Pin CoNNECTED Truss SPANS. CHI- 
MiLwavuKkeEE & St. Paut Ry. cAGO, MILWAUKEE & St. Pau Ry. 
TABLE II. 


Heaviest Locomotives AND RELATIVE STRESSES PRODUCED FOR SPANS OF 10 FT. TO 100 FT. 


Engine Alone. Double Header.* _,| Proportional 
Stress. 


Weight in Wheel Propor- | Weight in Wheel Weight 


tional From 
1,000 Lb. | Base, Ft. Weight. 1,000 Lb. | Base, Ft. |per Ft., Lb. 


EhOt Nanleans vata cit eee ames 580 23.00 : 710.0 | 104.0 6,830 
elation. .aecte. eetaliee2 24:0 30.79 : 728.4 | 127.76 5,700 
244.7 34.25 3 807.5 132:92 6,070 
260.1 26.50 E 860.4. | 131.81 6,520 
262.0 27.08 : 817.4 | 130.15 6,280 
267.0 29.83 : 802.0 127.00 6,320 
270.0 35.20 z 865.4 142.48 6,070 

5 305.0 35.00 A 960.0 150.00 6,400 
12 Wheel Articulatedt .| 334.5 30.66 ; 473.8 64.56 7,340 
to Coupled 361.0 43.50 .60 1,074.0 | 161.00 6,670 
20 Wheel Articulatedt .]| 478.0 59.80 ; 703.6 99.70 7,060 
16 Wheel Articulated .| 493.0 40.17 , 588.0 82.58 7,130 
24 Wheel Articulatedf .|. 616.0 65.92 : 841.6 | 105.82 7,950 
12 Wheel Electric Motor] 300.4 38 50 ; 600.8 86.50 6,950 
16 Wheel Electric Motor] 320.0 44.22 : 640.0 | 102.84 6,220 


* Weight and wheel base for articulated engines are given for one engine and tender. 
+ Given for comparison. 
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Fic, 15. WEIGHTS OF SIGNAL BRIDGES. 
ILLINOIS CENTRAL RAILROAD. 
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400 
350 
1800 2000 2200 
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1400 1600 
250, Losding- 2-168°75 tor engines Followed by 
| LAD 6000 Ibs: per Foot uniform load « 
2a 1000 For Doutle Track Spans ; 
Increase curve weights 85 per cent: 
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200 400 600 
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Fic. 16. WeEIGcHTs or SINGLE TRACK DRAW SPANS. 
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WEIGHT OF SINGLE TRACK RL VIADUCT TOWERS. 
Coopers E50 Loading ARLE W. Specs-1206. 
30'8 30' Spans. 


20 Weight of 30 ft.Span complete =|4400* 


H eight Of. Towers (From cap to base.) 


© — — 40'%40' and 30'S 60! Spans 

© 130—-— 4 

S 1204+ Weight of GOFt.Span complete=46200 

oO 110 Dees s  =15300 

—- wy nT NAO eee eae 

SO 80 -40'&40 Spans-{+-130 & G0 Spans- : tiie cor ete f “FH HEE 

yn 7 O 

= 60 Wei it of 

@ 50 eee 

3 40 Weight of Tower Bracin 

3 30 

ee yO 

=a 10 

ano) t T T 1 T ' 
oe eC) 40 50 60 70 80 90 100 
ion Height of Towers(from cap to base) 

S 519 40'%80' Spans 

cS 2 | 0 SESSR ESE RRS Peas ee ee eases ialaplelap lye) tops] 


a FA Weight of pias complete=7700% 


9 EERE EEHEEH TH 


30' 80' 


Height of Towers(From cap to base) 


Fic. 17. WEIGHT oF STEEL VrIADUCTS. McC iintic-MarsHaLt Construction Co. 


COOPER’S CONVENTIONAL ENGINE LOADINGS. eS) 


WOOO 0.0-0 0-1 


PA ee 


meee 


eS 
39 000 \35 750| 52 500 | 79 250| 26 000%-*- 
he 
30 00 | 27 500 \ 25 000\ 22 500| 20 000\--- 


! 
te 
ic 


39 000 \ 35 750 \32 500 | 29 250 | 26 000K- 


60 000\.55 000\ 50 000 | 45 000 40 000 ee. 


4 000 Ib- 
per lin- Fr: 


4500 /b- 
| per line FF) 


5 000 Ib: 
per line Ft 


5 500 Ib- 
per lit: Ft 


Se | 


6000 Ib- 
per lin: Ft: 


30 000\ 27 500\ 25 000 | 22 500\ 20 000x--- 
60 000\ 55 000 \ 50 000 \ 45 000 | 40 000 Ke 0) 
60 000 | 55 000 \ 50 000 \ 45 000 | 40 000 x 
60 000 | £5 000\ 50 000\ 45 000 | 40 000 i 
39 000 | 35 750 | 32 500 \ 29 250 | 26 000 

39 000 \ 35 750 \ 32 500 | 29 £50\ 26 000 

60 000 \ 55 000 \50 000 \ 45 000 \ 40 000f 
60 000 | 85 000 \50 000 | 45 000 | 40 000%. 
60 000 |$5 000 | 50 000 | 45 000\ 40 000% 
60 000 \55 000 \50 000 | 45 000 | 40 000% 
39 000 \35 750 \ 32500 | 29 750\ 26 00% 
39 000\ 35 750 \ 32 500 | 29 250\ 26 000% 
39 000 | 35 150 \ 32 500 | 29 240 | 26 000%. 
39 000 | 35 750 | 32 500\ 29 250 | 26 000%. 


Fic. 18. CoorEr’s CONVENTIONAL ENGINE LOADINGS. 
(Loads for one track.) 


Equivalent Uniform Load System.—The equivalent uniform load for calculating the stresses 
in trusses and the bending moments in beams, is the uniform load that will produce the same 
bending moment at the quarter points of the truss or beam as the maximum bending moment 
produced by the wheel concentrations. The equivalent uniform loadings for different spans for 
Cooper’s E 40 loading are given in Fig. 19. The equivalent uniform loading for E 60 loading 
will be $ the values for E 40 in Fig. 19. In calculating the stresses in the truss members select 
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20 40 60 680 100 120 140 160 180 200 220 240 260 280 300 
Span of Bridge in Feet. 

Fic. 19. EqutvALent Unirorm Live Loap For CoorEr’s E40 LOADING. 

(Loads for one track.) 


Euyu 


the equivalent load for the given span, and calculate the chord and web stresses by the use of 
equal joint loads, as for highway bridges. In designing the stringers for bending moment take a 
loading for a span equal to one panel length, and for the maximum floorbeam reaction take a 
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loading for a span equal to two panel lengths. It is necessary to calculate the maximum end 
shears and the shears at intermediate points by wheel concentrations, or to use equivalent uni- 
form loads calculated for wheel concentrations. The calculated values of the moment, M, 
shear, S, and floorbeam reaction, R, for Class E 60 are given in Table III. The equivalent 
uniform load method has been advocated very strongly by Mr. J. A. L. Waddell who has de- 
scribed its use in detail in his “De Pontibus.” Live load stresses as calculated by the method 
of equivalent uniform loads are too small for the chords and webs between the ends of the truss 
and the quarter points, and are too large between the quarter points. The stresses obtained 
for the counters are too large. The live load stresses calculated by the method of equivalent 
uniform loads are sufficiently accurate for all practical purposes. Even though the equivalent 
uniform load method is simple to apply and gives results which are sufficiently accurate, it is now 
seldom used. 

Uniform Load and One or Two Excess Loads.—A uniform load is used and to provide for 
the wheel concentrations one or two excess loads are assumed to run on top of the uniform load... 
This method is now rarely used. In a paper entitled “Rolling Loads on Bridges,” published in 
Bulletin No, 161, Am. Ry. Eng. Assoc., November 1913, Mr. J. E. Greiner, Consulting Engineer, 
found that thirty-eight of the thirty-nine most important railroads in the country used a system 
of wheel concentrations, and one road used a uniform load with a single excess load; the method 
of equivalent uniform loads was not used. 

MAXIMUM STRESSES.—The- conditions of live loading for maximum stresses in beams 
and trusses are as follows. 

Uniform Live Load on Beam or Girder.—For bending moment the span should be fully 
loaded. For shear the longer segment of the span should be loaded. 

Equal Joint Loads.—For bending moment (chord stresses) the bridge should be fully loaded. 
For shear (web stresses in trusses with parallel chords) the longer segment of the truss should be 
loaded for maximum stress, and the shorter segment of the truss should be loaded for maximum 
counter stress (minimum stress). 

Point of Maximum Bending Moment in a Beam.—The maximum bending moment in a 
beam loaded with moving loads will come under a heavy load when this load is as far from one 
end of the beam as the center of gravity of all the moving loads then on the beam is from the other 
end of the beam. 

Wheel Loads, Bridge with Parallel Chords—The maximum bending moment at any joint 
in the loaded chord will occur when the average load on the left of the section is ‘equal to the 
average load on the entire span. 

The maximum bending moment at any joint in the unloaded chord of a symmetrical Warren 
truss will occur when the average load on the entire span is equal to the average load on the left 
of the section, one-half of the load on the panel under the joint being considered as part of the 
load on the left of the section. 

The maximum shear in any panel of a truss will occur when the average load on the panel is 
equal to the average load on the entire bridge. 

Wheel Loads, Bridge with Inclined Chords.—The criterion for maximum bending moment 
in a bridge with vertical posts is the same as for bridges with parallel chords. 

For web members the criterion is that 


P/L = P2(1 + a/e)/l (1) 
where P = total load on the bridge; 


P: = load on the panel in question; 
L = span of bridge; 
1 = panel length; 


a = distance from left, abutment to left end of panel in question; 
e = distance from left abutment to intersection of top chord section of the panel produced 
and the lower chord. (The intersection is to the left and outside of the span.) 
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KINDS OF STRESS.—Bridges must be designed for the stresses due to (1) dead load; 
(2) live or moving load; (3) wind load; (4) snow load; (5) impact stresses; (6) temperature stresses; 
(7) centrifugal stresses, and (8) secondary stresses not taken into account in the calculations. 
In addition to the above it is necessary in determining the allowable stress in any member to take 
into account imperfections in materials and workmanship, possible increase in live loads, fatigue 
of metals, the frequency of the application of the stress, corrosion and deterioration of materials, 
etc. The structure should be so designed that no part will be ever stressed beyond the elastic 
limit. The allowable stresses for dead load are usually taken at about 60 to 70 per cent of the 
elastic limit; for an elastic limit of 30,000 lb., the allowable working stresses for dead loads alone 
would then vary from 18,000 to 21,000 lb. per sq. in. 

IMPACT STRESSES.—As a load moves over the bridge it causes shocks and vibrations 
whereby the actual stresses are increased over those due to the static load alone. It is shown 
in mechanics of materials that a load suddenly applied to a bar or beam will produce stresses 
twice the stresses produced by the same load gradually applied. A bridge is a complex structure 
and it is not possible to determine the exact effect of the moving loads. It has been found by 
experiment that the ultimate strength for repeated loads is much less than for dead loads. Ina 
bridge it will be seen that the dead load is a fixed load and that the live load is a varying load. 

For stresses of one kind Professor Launhardt has proposed the following formula: 


Min. stress 
Pies € A Max. “ines ) (2) 


where P is the allowable working stress required, and S is the allowable working stress for live 
loads, varying from zero to the maximum stress. For stresses of opposite kinds Professor Wey- 
rauch has proposed the following formula: 


(3) 


p=Ss ( . Min. stress ) 


2 Max. stress 


where P and S are the same as for the Launhardt formula, the maximum and minimum stresses 


’ being taken without sign. For columns and struts the allowable stresses as given by formulas 


(2) and (3) are to be reduced by a suitable column formula. 

There are three methods in common use for taking account of impact and fatigue: (1) Impact 
formulas; (2) Launhardt-Weyrauch formulas, and (3) Cooper’s Method. 

(1) Impact Formulas.—The formula in most common use is given in the form 


r=s(7+5) (4) 


where I = impact stress to be added to the static live load stress, S = the static live load stress, 
L = the length in feet of the portion of the bridge that is loaded to produce the maximum stress 
in the member, and a and 6 are constants expressed in feet. The American Railway Engineering 
Association specifies for railway bridges, a = b = 300ft. Mr. J. A. L. Waddell specifies a = 400 
ft., and 6 = 500 ft. for railway bridges; and a = 100 ft., and 6 = 150 ft. for highway bridges. 
For the names of several roads using A. R. E. A. impact formula, see Table XVI. 

For highway bridges the American Bridge Company specifies that the maximum live load 
stress shall be increased 25 per cent to cover impact and vibration. 

Mr. C. C. Schneider, M. Am. Soc. C. E., specifies that for electric railway bridges 


I = S + 150/(L + 300) (5) 


In the Osborn Engineering Company’s 1901 specifications for railway and for highway 
bridges the impact is calculated by the formula 
T=S-S\(S+D) (6) 
12 
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where S is the static live load stress and D is the dead load stress. This method is used by the 
Illinois Central R. R. 

(2) Launhardt-Weyrauch Formulas.—Formula (2) is used for determining the allowable 
stress for stresses of one kind and formula (3) is used for determining the allowable stress for 
stresses of different kinds. This method is used in Thatcher’s Specifications, in Common Standard 
Specifications (Harriman Lines), and specifications of Pennsylvania Lines West of Pittsburgh. 

(3) Cooper’s Method.—Cooper uses formula (2) and calculates the area for the dead load 
and the area for the live load stress separately. For dead loads from formula (2) we have P = 2S, 
while for live loads the range of stress is from zero to the maximum, and P = S. 

For a reversal of stress Cooper designs the member to take both kinds of stress, but to each 
stress he adds eight-tenths of the lesser of the two stresses. 

IMPACT TESTS.—The American Railway Engineering Association has made an exhaustive 
series of tests to determine the effect of impact on railway bridges. The following summary is 
taken from the Proceedings of Am. Ry. Eng. Assoc., Vol. 12, Part 3. 


(1) With track in good condition the chief cause of impact was found to be the unbalanced” 
. drivers of the locomotive. Such inequalities of track as existed on the structures tested were of 
little influence on impact on girder flanges and main truss members of spans exceeding 60 to 75 
‘ft. in length. 

(2) When the rate of rotation of the locomotive drivers corresponds to the rate of vibration 
of the loaded structure, cumulative vibration is caused, which is the principal factor in pro- 
ducing impact in long spans. The speed of the train which produces this cumulative vibration is 
called the “critical speed.’” A speed in excess of the critical speed, as well as a speed below the 
critical speed, will cause vibrations of less amplitude than those caused at or near the critical speed. 

(3) The longer the span length the slower is the critical speed and therefore the maximum 
impact on long spans will occur at slower speeds than on short spans. : 

(4) For short spans, such that the critical speed is not reached by the moving train, the 
impact percentage tends to be constant so far as the effect of counterbalance is concerned, but 
the effect of rough track and wheels becomes of greater importance for such spans. 

(5) The impact as determined by extensometer measurements on flanges and chord members 
of trussés is somewhat greater than the percentages determined from measurements of deflection, 
but both values follow the same general law. 

(6) The maximum impact on web members (excepting hip verticals) occurs under the same 
conditions which cause maximum impact on chord members, and the percentages of impact for ° 
the two classes of members are practically the same. 

(7) The impact on stringers is about the same as on plate girder spans of the same length 
and the impact on floorbeams and hip verticals is about the same as on plate girders of a span 
equal to two panels. 

: (8) The maximum impact percentage as determined by these tests is closely’ given by the 
ormula 


ES (7) 
: ai 20,000 


in which I = impact percentage and / = span length in feet. 

(9) The effect of differences of design was most noticeable with respect to differences in the 
bridge floors. An elastic floor, such as furnished by long ties supported on widely spaced stringers, 
or a ballasted floor, gave smoother curves than were obtained with more rigid floors. The results 
clearly indicated a cushioning effect with respect to impact due to open joints, rough wheels and 
similar causes. This cushioning effect was noticed on stringers, hip verticals and short span 

irders. 

re (10) The effect of design upon impact percentage for main truss members was not sufficiently 
marked to enable conclusions to be drawn. The impact percentage here considered refers to 
variations in the axial stresses in the members, and does not relate to vibrations of members 
themselves. 

(11) The impact due to the rapid application of a load, assuming smooth track and balanced 
loads, is found to be from both theoretical and experimental grounds, of no practical importance. 

(12) The impact caused by balanced compound and electric locomotives was very small and 
the vibrations caused under the loads were not cumulative. 

(13) The effect of rough and flat wheels was distinctly noticeable on floorbeams, but not 
on truss members. Large impact was, however, caused in several cases by heavily loaded freight 
cars moving at high speeds. 
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TABLE III. 


Maximum Moments, M; Enp SHEARS, S; AND FLOORBEAM REACTIONS, R; PER RAIL, FOR 


GIRDERS. 


Cooper’s E60 Loading (A. R. E. A.). 


Loading Two E 60 Engines and Train Load of 6,000 Pounds per Foot or Special Loading 
Two 75,000 Pound Axle Loads 7 Ft. C. to C. 


Pounds. 


Shear 


Moments 
Impact 
: Ss’. 


Moments in Thousands of Foot-Pounds. 


Maximum End _ | Floorbeam | Floorbeam Span 
Reaction Et it, 


Shears and Floorbeam Reactions in Thousands of 


Results for One Rail. Results from Special Loading marked*, A. R. E. A. Impact Formula, 


Maximum | Moment 
Moments | Impact 
M. M’. 


*36.9 
*36.8 
37-7 
41.2 
*44.5 
*47.2 
*49.3 
Eis kat 
iS 
Stee 
57-2 
60.6 
63.5 
66.0 
68.3 
79:3 
72.1 
73-7 


*37.5 *36.3 
40.0 
47.1 


1426.3 | 1222.6 
1474.7. | 1260.4 
1522.8 | 1297.8 
1S$71.0+} 1335.1 
1621.5 | 1374.2 
1675.2 | 1415.7 
1728.0 | 1456.7 
1781.9 | 1497-4 
1834.5 | 1537-4 
1891.4 | 1580.6 
1949.4 | 1624.5 
2007.5 | 1668.3 
2064.3 1710.8 
2123.4 | 1754-9 
2183.3 | 1799.4 
2246.3 | 1846.3 
2309.3 1893.0 
2378.3 1943.2 
2435.4 | 1985.3 
2498.4. | 2031.2 
2561.3. | 2076.8 
2624.5 | 2122.2 
2688.0 | 2168.0 
2750.9 | 2212.5 
2818.5 | 2260.7 
2888.6 | 2310.9 
2958.0 | 2360.1 
3028.6 | 2410.0 
3096.6 | 2457.6 
3168.2 | 2507.8 
3240.7 | 2558.5 
3311.4 | 2607.4 
3385.1 | 2658.4 
3459.6 | 2709.8 
3534.6 | 2761.4 
3610.4 | 2813.3 
3689.4 | 2867.4 
3766.5 | 2919.8 
3846.0 | 2973-7 
3924.3 | 3026.5 
4005.8 | 3081.4 
4084.4 | 3133.8 
4164.0 | 3186.7 
4246.6 | 3241.6 
4328.0 | 3295-4 
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TABLE III.— Continued. 


Maximum Moments, M; Enp SHears, S; AND FLOORBEAM REaAcTIOoNS, R; PER RAIL, FOR 
i GIRDERS. 
Cooper’s E60 Loading (A. R. E. A.). 


A E 
Maximum gt Floorbeam | Floorbeam | Span Moment} End , Be 
hi 


Impact 
mies 


Moments Reaction Impact io Impact | Shear 
M. M S, su oro sea BR. | Fe M. M’. s. 


4408.4 16316| Viaducta|e-..-...|| 110 4265.5 | 243.0 | 177.8 
4490.7 164.5 III 4333-9 | 244.8 | 178.7 
4573-5 165.6 112] 6 4398.1 | 246.6 | 179.5 
4659.8 166.7. 5 113 4466.0 | 248.3 | 180.3 
4743.8 167.7 114 4534.8 | 250.0 | 181.2 
4830.0 168.8: Hesrartieves oil SEG 4602.5 | 251.8 | 182.0 
4916.9 169.7 116 4671.6 | 253.6 | 182.9 
5004.0 170.6 117 4738.2 | 255.3 | 183.6 
5115.5 171.5 y 118 4806.1 | 257.0 | 184.4 
5212.8 172.5 11g 4874.7 | 258.8 | 185.3 
5306.5 173.4 120 4944.0 | 260.5 | 186.1 
5401.3 THAGG. | -osS ceva loner MELA 5009.9 | 262.2 | 186.9 
5499.2 7502 122 5078.5 | 264.0 | 187.7 
5617.0 176.0 123 5148.9 | 265.7 | 188.4 
5727.6 176.9) ecg eae sle Sethe RELA 5219.1 | 267.4 | 189.2 
125 5290.7 | 269.1 | 190.0 


CALCULATION OF STRESSES.—For the calculation of stresses in railway bridges, see 
the author’s ‘‘The Design of Highway Bridges;” Johnson, Bryan & Turneaure’s ‘‘Framed Struc- 
tures,’ Part I; Marburg’s ‘Framed Structures,”’ Part I; Spofford’s ‘‘Theory of Structures’’; or 
other standard textbook. . 

Moments, End Shears and Floorbeam Reactions.—The maximum bending moments and 
end shears, for Cooper’s E 60, and A. R. E. A. special loadings, for girders up to 125 ft. span are 
given in Table III. The maximum moments occur at a point near the center of the girder. 
Maximum floorbeam reactions are given for stringers up to 40 ft. span. The table also gives 
the impact stress calculated for A. R. E. A. impact formula (4). 

The maximum moments, end’ shears, quarter-point shears, center shears, and maximum 
floorbeam reactions for girders up to 75 ft. span are given in Table IV. : 

Moment Diagram.—A diagram giving the position of the wheels in Cooper’s E loadings that 
will produce maximum moment in a beam or at a panel point in a truss is given in Table Va. 
The condition for maximum shear in the first panel is the same as for bending moment at Li, 
which value may be obtained from Table Va. Other loadings for maximum shear must be cal- 
culated by means of the criterion given above. 

A moment diagram for Cooper’s E 60 loading is given in Table Vb, and brief instructions 
for use of the table are given on the page opposite Table Vb. 

Shears in Bridges.—Shears in the panels of the loaded chords of spans with 3 to 9 panels, 
for Cooper’s E 50 loading, are given in Table VI, Table VII, and Table VIII. To obtain the 
shears for E 60 loading multiply the tabular values by £. The stresses in the web members of a 
Pratt truss are equal to the shears X sec 6, where @ is the angle that each web member makes with 
a vertical line. The tables were calculated by the McClintic-Marshall Construction Company. 

Moments in Bridges.—Bending Moments in beams and girders and at points in the loaded 
chord of bridges, are given in Table [IX and Table X. The bending moments for an E 60 loading 
will be equal to the tabular values X $. 

For example, the bending moment for an E 50 loading, at joint Li, inan 8 panel truss of 200-ft. 
span from Table X, is 6,787 thousand ft.-lb. For an E 60 loading the bending moment at joint 
Ly is 6,787 X 6/5 = 8,145 thousand ft.-lb., which checks the value calculated from Table Vb 
on the page opposite Table Vb. The tables were calculated by the McClintic-Marshall Con- 
struction Company. : 

Elevated Trestle Span Reactions.—The floorbeam reactions and the maximum reactions of 
the intermediate and tower spans of elevated railway trestles may be calculated from Table IX 
and Table X, as follows: 

Required the end reactions for a 40 ft. tower span and an 8o ft. intermediate span. Take a 
span equal to 40 + 80 = 120 ft., and calculate the bending moment at a point 40 ft. from the 
left end. In Table IX, take a 6-panel bridge with 20 ft. panels, the bending moment at Lz is 
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M = 5,255 thousand ft.-lb. Then the reaction, R = M X - _ sc = M X 3/80 = 5.255 X 3/80 


= 197.1 thousand Ib. For E60, Ri = RX 6/5 = 197.1 X 6/5 = 236.5 thousand lb., which 
checks the value in Table III. 


TABLE IV. 


Maximum Enp SHEARS, QUARTER-POINT SHEARS, CENTER SHEARS; Maximum MoMENTs, AND 
FLOORBEAM REACTIONS FOR GIRDERS. 


Cooper’s E60 Loading (A. R. E. A.). 
Moments in Thousands of Foot-Pounds. Shears and Floorbeam Reactions in Thousands of 


Pounds. 
Results for One Rail. Results from Special Loading marked*. 


Center | Maximum | Floorbeam Quarter Maximum 


Shear. Moment. | Reaction. Ae 2, Moment. 


#18.8 * 93.7 60.0 75.3 
*18.8 #103.0 65.5 
- *18.8 120.0 70.0 
*18.8 142.5 73.9 
19.3 165.0 78.2 


*20.0 187.5 82.0 
*21.1 210.0 85.3 
*22.1 232.5 88.2 
*22.9 255-0 91.0 
¥23.7. 280.0 94.3 


*24.4 309-5 98.3 
#25 .0 339.0 101.9 
*25.6 368.5 105.2 
*26.1 398.2 108.2 
*26.6 427.8 110.9 


*27.0 457-5 113.5 
*27.4 487.2 116.6 
*27.8 516.9 120.1 
*28.1 548.3 123.4 
*28.5 582.0 126.5 


*28.8 615.8 129.4 
*29.1 649.3 
*29.3 683.2 
*29.6 716.9 
#29.8 750.6 


30.3 784.5 
30.9 823.0 
Bites, 861.6 
32.0 goo.0 


32.5 940.0 


33.0 983.4 
33-5 1027.0 
33-9 1070.4 
34-4 1113.9 
34. 1157-4 
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MOMENT TABLE FOR COOPER’S E 60 LOADING 
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TABLE VIII. 
Maximum SHEARS IN TRUSS BRIDGES FOR CoopEr’s E50 LOADING. 
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F:50 LOADING 
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BENDING MOMENTS FOR THROUGH SPANS 
COOPER 


MAXIMUM BENDING MOMENTS IN PRATT TRUSSES. 
TABLE IX. 
Maximum BENDING MomENTS IN PRATT Truss BripGes For Coorer’s E50 LOADING. 
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BENDING MOMENTS FOR THROUGH SPANS 
COOPER’S E-50 LOADING 
Moments in Thousands of foot-Founds for 
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TABLE X. 
Maximum BENDING MomENTs IN Pratt Truss BripGEs ror Cooper’s E50 LoapINe. 
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SHEARS AND MOMENTS IN A PLATE GIRDER BRIDGE.—The maximum shears 
and moments in an 86 ft. span deck girder railway bridge are shown in Fig, 20. In calculating the 
maximum live load shears the girder was divided into sections about 7 ft. in length and the maxi- 
mum shears were calculated as in a truss bridge. The maximum bending moments were also 
calculated for the same points in the girder. The make-up of the tension flange and the rivet 
spacing is shown in Fig. 20. 

The stress diagram for a 60 ft. span single track deck plate girder bridge is shown in Fig. 21. 
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Fic. 20. SHEARS AND MOMENTS IN A RAILWAY PLATE GIRDER. 


MATERIAL.—Open-hearth carbon steel complying with the specifications of the Am, Ry. 
Eng. Assoc. as given in the last part of this chapter is commonly used for bridges up to spans 
of 500 to 550 feet. For spans of more than 500 or 550 fect to about 650 feet carbon and nickel 
steel are used, or nickel steel alone is used. For spans of 650 to 750 feet nickel steel alone should 
be used. For an exhaustive discussion of the use of nickel steel in the construction of bridges see 
article entitled “ Nickel Steel for Bridges” by Mr. J. A. L. Waddell, M. Am. Soc. C. E., in Trans. 
Am. Soc. C. E., Vol. 63, 1909. An excellent discussion of the design of large bridges is given in 
“Design of Large Bridges with Special Reference to the Quebec Bridge’ by Ralph Modjeski, 
Consulting Engineer, in Journal Franklin Institute, September, 1913. 

ALLOWABLE STRESSES.—The allowable stresses on carbon steel as adopted by the Am. 
Ry. Eng. Assoc. are given in the specifications in the last part of this chapter. Out of 39 railroads 
in the United States 24 were using the Am. Ry. Eng. Assoc. specifications for allowable unit 
stresses in 1913. For additional data on unit stresses, see Table XVI. 
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ECONOMIC DESIGN OF RAILWAY BRIDGES.—Pin-connected truss bridges have 


been used for railroads on account of the ease of erection, ease in calculating the stresses, and the 


simplicity of details which give small secondary stresses. 


The present practice in railway bridge 


design is to use plate girders for spans up to about 115 ft., and riveted truss bridges for longer 
spans; pin-connected bridges being used only for very long spans and for spans of 200 ft. and over 


where there is some special reason such as ease of erection or low cost. 


The author would recom- 


mend pin-connected truss bridges for all spans of 200 ft. and over for the following reasons:— 


(1) the weight of a pin-connected truss bridge with eye-bars is less than the weight of a riveted truss 


bridge of the same span and capacity, 


and while the shop cost per pound of pin-connected truss 
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bridges is slightly higher than for riveted truss bridges, the total cost erected of the structural 
steel in the pin-connected bridge is less than the steel in the riveted bridge. (2) The pin-con- 
nected truss bridge can be erected in less time at a very much less cost than the riveted truss bridge. 
(3) The secondary stresses in the pin-connected truss bridge are smaller than in the riveted truss 
bridge and the structure is more efficient. (4) With the present ballasted floors the vibration 
and impact stresses are no greater in a pin-connected truss bridge than in a riveted truss bridge. 
Riveted tension members are difficult to design and are expensive of material and labor. Eye- 
bars are ideal tension members in which the material is used efficiently. For the aboye reasons 
the author predicts that the pin-connected bridge for spans of 200 ft. and over will regain its 
place as a standard type of railroad bridge. 

The Pratt truss with parallel chords is used for pin-connected spans up to about 250 ft., 
while riveted truss spans are made with Pratt or Warren trusses; double and triple intersection 
trusses are also used for riveted trusses. For long span bridges the subdivided Pratt truss with 
inclined chords (Petit truss) is generally used. The width center to center of trusses should not 
be less than one-twenticth of the span, and preferably not less than one-eighteenth. The height 
at the center should be from one-fifth to one-seventh of the span; the Municipal Bridge at St. 
Louis has a center height of one-sixth of the span. The height at the ends should be only sufficient 
for an effective portal. The m6st economical inclination of diagonals is very nearly 40 degrees, 
so that in a Petit truss the panel length should be about 0.42 times the height. For the most 
economical web system the panels should vary in length as the depth varies, but this increases 
the weight of the floor and also increases the shop cost and cost of erection, so that constant panel 
lengths are commonly used. One railroad specification requires that panel lengths shall not 
exceed 35 feet. For truss bridges of the Pratt type with two stringers and an open timber floor 
the present practice is to use a panel length of 223 to 273 ft., with 25 ft. as an average. Increasing 
the length of the panels increases the weight of the floor system, and decreases the weight of the 
trusses. The economical panel lengths for bridges with ballasted floor is less than for bridges with 
open timber floor. Riveted truss bridges with triple-intersection web members, Fig. 41, are 
made with very short panels. 

With the increase in the size of the sections in a bridge great care must be taken in detailing 
to use details that will develop the full strength of the members. Increased details increase the 
shop cost and for this reason there is a tendency for bridge companies to cut down details and to 
change details so as to simplify shop work even at the expense of added weight in order to obtain 
a low pound price. For this reason detail drawings, not necessarily shop drawings, should always 
be made by the designing engineer. The author has in mind a case where to change the details 
of a plate girder so that multiple punches might be used required the addition of details equal to 
5 per cent of the weight of the span and the addition of 25 per cent to the number of field rivets, 
with no increase in efficiency. It is needless to say the change was not made. 

An empirical rule for calculating the economical depth of plate girder spans is to make the 
area of the flanges equal to the area of the webs. The actual depths of plate girders are commonly 
slightly less than the depth given by the above rule. The minimum thickness of 3 inch for plate 
girder webs should be used only for stringers with short spans, and the thickness of the web 
should be increased as the span and depth of the girder increases. For the depths and spacing of 
plate girders designed under Common Standard Specifications 1006, see Table I. 

DETAILS OF RAILWAY BRIDGES.—It is very important that the details of railway 
bridges be worked out with great care. A few standard details will be briefly described. 

Sections for Chords and Posts.—Chord sections are shown in (a) to (i) in Fig. 22. Sections 
(a) and (b) are used for light chords and (c), (d) and (e) for heavy chords. Sections (a) and (d) are 
also made by turning the angles in, as in section (i). Sections (f) to (i) are used for chord sections, 
for intermediate posts and for columns. Sections (n) and (p) to (t) are used for column sections. 
Chord sections, posts and columns with diaphragms or webs at right angles to each other as in 
(a) to (e), (n), and (p) to (t) give much better results under actual service than laced sections as 
in (f) to (i) and (0). Sections (j) to (m) and (0) are used for struts and braces. 
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Floors.—Bridges may have open timber floors as in Fig. 23, or ballasted floors as in Fig. 24, 
or in Fig. 25. For track elevation and for bridges crossing over streets, buildings, and similar 
locations and for ballasted floors, the bridge floor is waterproofed and the water falling on the 
floor is carried to the ground through properly arranged drains. 
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Fic. 22. Types oF CoLUMNS AND Top CHORD SECTIONS. 


Details of the standard timber floors used by the Southern Pacific R. R., the Union Pacific 
R. R. and other Harriman Lines are given in Fig. 23. For additional details of open timber floors 
see Fig. 1 and Fig. 2, Chapter VII. The American Railway Engineering Association in 1912 
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recommended that guard timbers be used on all open-floor bridges, also that guard rails be used 
on all bridges, and that the guard rails should extend at least 50 ft. beyond the end of the bridge. 
For additional details see Chapter VII, “‘Timber Bridges and Trestles.”’ 

Details of a ballasted floor with a reinforced concrete slab deck, and a ballasted floor with a 
timber deck, as designed and used by the Chicago, Milwaukee & St. Paul Ry. are given in 
Fig. 24. The reinforced concrete slabs are made either at the bridge site or at some other con- 
venient location and are hoisted into place after the concrete has gained sufficient strength. 

The Chicago, Burlington & Quincy R. R. uses reinforced concrete slabs for a ballasted deck 
on deck girders that differ from the Chicago, Milwaukee & St. Paul slabs in Fig. 24, in the following 
details. The reinforced concrete slabs are 14 ft. long in place of 13 ft.; and are 5 ft. wide in place 
of 3 ft. 7in. The top of the slabs and the edges of the slabs are painted with tar paint (made of 
16 parts coal tar, 4 parts Portland cement, and 3 parts kerosene). The edges of the reinforced 
concrete slabs are beveled and after the slabs are laid the joint between the slabs is packed with 
oakum fora depth of 1 in. at the bottom and the remainder of the joint is filled with 1 to 3 Portland 
cement mortar. Where the reinforced concrete deck is placed on a deck girder with cover plates, 
a strip of No. 22 gage lead 3 in. wider than the cover plate is placed on top of the cover plate and 
forced down over the rivet heads. After the slabs have been put in place and blocked up to the 
proper elevation the space between the lead sheet and the slab is filled with 1 to 3 Portland cement 
mortar. The minimum thickness of the mortar joint is one inch. Cinders or slag are not used 
for ballast on reinforced concrete slab decks. 

A standard reinforced concrete floor for a through plate girder bridge as designed by the 
Chicago, Burlington & Quincy R. R. is shown in Fig. 25. The concrete is 1: 2:4 Portland 
cement concrete. The upper surface of the concrete slab is painted with coal tar paint, the same 
asthe deck slabs. Zinc sheets, No. 22 gage and 8 in. wide are placed on the tops of the floorbeams. 

A steel plate ballasted floor on a through riveted truss bridge is shown in Fig. 41. 

WATERPROOFING BRIDGE FLOORS.—The problem of waterproofing bridge floors is a 
difficult one and has been worked out in great detail by the engineers of many railroads, and by 
the American Railway Engineering Association. For a very full discussion of the problem, see 
the proceedings of the American Railway Engineering Association, especially Volume 14, 1913, 
and Volume 15, 1914. The following extracts from the report of a committee of the American 
Railway Engineering Association presented at the annual meeting of the society in March, 1914, 
are of value. 

The methods of waterproofing are stated as follows:— 

“The ordinary methods of waterproofing are. 

“(1) Coatings: (a) Linseed oil paints and varnishes. (b) Bituminous; asphalt and coal tar. 
(c) Liquid hydrocarbons. (d) Miscellaneous compounds. (e) Cement mortar. 

(3) Membranes: Felts and burlaps in combination with various cementing compounds. 

“(3) Integrals: (a) Inert fillers. (b) Active fillers. 

““(4) Watertight concrete construction.” 

The conclusions reached in the report are as follows:— 

“(1) Watertight concrete may be obtained by proper design, reinforcing the concrete against 
cracks due to expansion-and contraction, using the proper proportions of cement and graded aggre- 
gates to secure the filling of the voids and employing proper workmanship and close supervision. 

“(2) Membrane waterproofing, of either asphalt or pure coal tar pitch in connection with felts 
and burlaps, with proper number of layers, good materials and workmanship and good working 
conditions, is recommended as good practice for waterproofing masonry, concrete and bridge floors. 

“(3) Permanent drainage of bridge floors is essential to secure good results in waterproofing. 

“(4) Integral methods of waterproofing concrete have given good results. Special care is 
required to properly proportion the concrete, mix thoroughly and deposit properly so as to have 
the void-filling compounds do the required duty; if this is neglected the value of the compound is 
lost and its waterproofing effect is destroyed. Careful tests should be made to ascertain the 
proper proportions and effectiveness of such compounds. Integral compounds should be used 
with caution, ascertaining their chemical action on the concrete as well as their effect on its 
strength; as a general rule, integral compounds are not to be recommended, since the same results 
as to watertightness can be obtained by adding a small percentage of cement and properly grading 
the aggregate. 
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“*(5) Surface coatings, such as cement mortar, asphalt or bituminous mastic, if properly 
applied to masonry reinforced against cracks produced by settlement, expansion and contraction, 
may be successfully used for waterproofing arches, abutments, retaining walls, reservoirs and 
similar structures; for important work under high pressure of water these cannot be recommended 
for all conditions. 
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““(6) Surface brush coatings, such as oil paints and varnishes, are not considered reliable or 
lasting for waterproofing of masonry.” 

The membrane method of waterproofing bridge floors will be shown by describing the standard 
methods of waterproofing in use by two railroads. 

CHICAGO, MILWAUKEE & ST. PAUL RY. SPECIFICATIONS FOR WATERPROOFING. 
The specifications of the Chicago, Milwaukee & St. Paul Ry. for waterproofing are as follows: 

The necessary provision for drainage and expansion must be made in designing the structure. 
The waterproofing should never be compelled to resist hydrostatic pressure, and the membrane 
should always be protected by a layer of concrete. re 

(1) Preliminary.—Fill all openings and pockets in the concrete except expansion joints 
with cement mortar, and round off all sharp corners. Wherever waterproofing stops on a vertical 
surface the end should be flashed into a groove in the concrete. " : 

(2) Preparing the Surface.—Thoroughly clean and dry the concrete surface using wire 
brushes and being careful to remove all the laitance. ' If necessary use hot sand to dry the con- 
crete. Apply a coat of gasolene to the clean dry surface and follow with a coat of cold primer, 
spreading the primer evenly with a brush. Omit the primer where tar paper is to be placed and 
over expansion joints. : 

(3) Laying the Burlap.—After the primer coat has completely dried, apply a coat of pure 
hot asphalt, and mop until the layer has a thickness of $ in. While the asphalt is still hot begin 
laying the burlap. Lay the first strip of burlap transverse to the drainage at the lowest point. 
Lay the strips shingle fashion, as for tar and gravel roofs, and parallel to the first strip working 
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up to the summit and exposing one-third of each width of burlap to the weather. Press each 
strip firmly into the asphalt, then mop well with pure melted asphalt taking care to thoroughly 
saturate the burlap and to fill all cracks and blow holes. Lap the joints in the strips 6 in. On 
this three-ply layer of burlap spread a continuous layer of hot asphalt mopping well until a layer 
of 4 in. is obtained. See (f) Fig. 26. 

(4) Summit Joints.—After the work has been brought up to the desired point from both 
sides, interlap in order the strips which reach across the joint, mopping asphalt between burlap 
surfaces. Place a strip of burlap along the joint for a closing strip; and complete by laying the 
upper + in. of asphalt as before described. See (g) Fig. 26. 

(5) Longitudinal Joints.—If. possible the waterproofing should be laid in one run the full 
width transverse to the drain slope of the surface to be waterproofed. The ends of the burlap 
strips should be flashed into recesses in the walls, curbs or parapets as shown in (e) Fig. 26. Where 
longitudinal joints are necessary cut the burlap long enough to extend 12 in. beyond the primed 
and asphalted surface of the concrete and use care as the strips are laid that the 12 in, strip is 
kept free from asphalt. When the succeeding section is to be waterproofed fold back the projecting 
strips of burlap over the completed waterproofing and bring the new up against the completed 
portion of the waterproofing, interlapping the projecting ends of the burlap with the new burlap 
as the work progresses, (f) Fig. 26. On concrete trestle or subway slabs longitudinal joints in 
the waterproofing should preferably be on the center line of the slabs. If it is necessary to place 
joints in the waterproofing over joints in the slabs special care should be taken. 

(6) Expansion Joints.—Lay two continuous strips of tar paper 36 in. wide over the expansion 
joint, being careful to see that no asphalt gets between or under the two strips of tar paper. Then 
mop the top strip with hot asphalt and carry the waterproofing over the top of the paper, the 
same as if no joint existed. See (b) and (h) Fig: 26. 

(7) Concrete Protection.—After the § in. layer of asphalt on top of the burlap has become 
cold, spread a § in. layer of concrete evenly over the surface. Then press a layer of expanded 
metal into the concrete, and cover the metal with a layer of concrete 2 in. thick making the total 
thickness of the concrete 13 in., and trowel the concrete smooth. Protect the concrete from the 
a for 24 hours after laying. The joints in the expanded metal should be lapped 6 in. See (d) 

ig. 26. ; 

(8) Materials.— Burlap.—The burlap is to be treated 8 oz. open mesh furnished in widths 
of 36 in. to 42 in. 

Concrete.—The concrete is to be 1 part Portland cement, 2 parts torpedo sand, and 3 parts 
stone or gravel that will pass a } in. ring. 

Mortar-—The mortar is to be r part Portland cement and 2 parts washed torpedo sand. 

Primer.—The primer is made by pouring hot asphalt in 80 per cent gasolene until mixture 
will spread readily with a brush. 

_Asphalt.—Pure asphalt conforming to accepted specifications is to be used. Before using 
the asphalt heat it in a suitable kettle to a temperature not exceeding 450° F. The temperature 
is to be taken with a thermometer. Asphalt heated above 450 degrees F. or giving off yellow 
fumes is to be discarded as overheated. 

Expanded Metal—The expanded metal is to be equivalent to Northwestern Expanded 
Metal Co’s. ‘23 in. No. 16 Regular” expanded metal. 

Tar Paper.—The tar paper will be furnished in rolls 36 in. wide. 

CHICAGO, BURLINGTON & QUINCY R. R. SPECIFICATIONS FOR WATERPROOF- 
ING.—The specifications of the Chicago, Burlington& Quincy R. R. for waterproofing are as follows: 

(1) Description.—The waterproofing shall consist of a mat of 4-ply of burlap and 1-ply of 
felt thoroughly saturated and bonded together with waterproofing asphalt and covered with one 
inch of sand and asphalt mastic. 

(2) Preparing the Surface.—The surface of the concrete shall be smooth, clean and dry. 
Upon this surface apply a coat of primer, which shall be thin enough to penetrate the concrete 
and form an anchorage for the waterproofing. No waterproofing shall be done when the temperature 
ds less than 60 degrees F 

(3) Applying the Burlap.—After the priming coat has dried, a heavy coat of waterproofing 
asphalt heated to a temperature of 400 degrees F. shall be applied with mops the width of the 
burlap, and while the asphalt is still hot a layer of burlap shall be bedded in it. The burlap 
shall be laid just behind the mopping and shall be swept free from folds and pockets with a broom. 
The surface of the burlap shall be heavily mopped with waterproofing asphalt. Three more ply 
of burlap shall be laid in the same manner, making a 4-ply burlap mat all thoroughly saturated 
and bonded together. 

The top of the burlap mat shall be heavily mopped with asphalt and one layer of felt saturated 
with asphalt shall be laid on the burlap and the edges of the felt lapped at least 3 inches and sealed 
with asphalt. The top of this felt shall also be mopped with waterproofing asphalt. 

(4) Mastic Protection.—The burlap and felt mat shall be covered with one inch of asphalt 
mastic laid in one layer, the mastic to be composed of one part waterproofing asphalt and four 


182 . STEEL RAILWAY BRIDGES. Cuar. IV. 


parts fine gravel graded from } in. to fine sand. The top of the mastic shall be leveled off with 
wooden floats and mopped with waterproofing asphalt. 

(5) Expansion Joints.—At all expansion joints in the concrete a fold to allow for the ex- 
pansion of the structure shall be formed by laying the burlap and felt over a one-inch pipe; the 
pipe being removed as the mat is being completed. 

(6) Splices and Flashing.—Where the work is stopped before being completed at least 3 feet 
of burlap at the end and one-half the width of the burlap at the side shall be left exposed to form a 
splice. 
Special care shall be taken to seal the waterproofing at the sides and ends of the bridge. The 
burlap and mastic shall be carried up the parapet walls at the sides and the ends of the burlap 
shall be concreted into a recess in the walls so that no water can enter. The burlap shall be 
carried down over the back-walls at the ends of the bridge to cover all construction joints and 
shall run into a line of tile to facilitate the escape of the water. 

(7) Materials.— Burlap.—The burlap is to be 8 oz. open mesh high grade burlap saturated 
with an asphalt meeting the specifications for waterproofing asphalt. It shall come in rolls 
which shall be placed on end for shipment and storage, and shall not stick together in the roll. 

Felt.—The felt shall be a good quality of wool felt saturated and coated with an asphalt 
meeting the specifications for waterproofing asphalt. It shall come in rolls which shall be placed 
on end for shipment and storage, and shall not stick together in the roll. It shall not weigh less 
than 15 Ib. per 100 sq. ft. 

Primer.—The primer shall be an asphaltic compound of approved quality and capable of 
adhering firmly to the concrete. 

Waterproofing Asphalt.—The waterproofing asphalt shall meet the following requirements. 

1. The specific gravity of the asphalt desired shall be greater than 0.95 at 77 degrees F. 

2. The flowing point shall not be less than 100 degrees F. nor more than 140 degrees F.. 

3. The flash point shall not be lower than 450 degrees F. 
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4. The penetration at 80 degrees F’. for a period of 30 seconds shall be at least 15 millimeters 
and must not exceed 20 millimeters. This penetration to be measured with a Vicat needle weighing 
300 grams, one end being one millimeter in diameter for a distance of 6 centimeters. 

5. When heated to a temperature of 325 degrees F. for 7 hours the loss in weight shall not 
exceed 2 per cent and the penetration of the residue at 80 degrees F. and for the period of 30 
seconds using the same instrument as described above shall not be reduced more than 50 per cent. 

6. The total soluble in carbon bisulphide shall not be less than 99 per cent. 

7. The total soluble in 88 degree naptha shall not be less than 70 per cent. 

8. The total inorganic matter or ash shall not exceed one per cent. 

9. Cold Test. 

a. A cube of the asphalt one inch on edge shall be soft and malleable at a temperature of 


zero degrees F. 
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b. A film of the asphalt having a thickness not less than zs inch shall be so pliable at zero 
degrees F. that it can be bent in a radius of 2 inches. The total time consumed in the bending 
of this film shall not exceed 3 seconds. 


to. The asphalt shall not be affected by any of the following solutions, after being immersed 
in them for a period of 3 days:—(a) a 25 per cent solution of sulphuric acid; (b) a 25 per cent 
solution of hydrochloric acid; (c) a 20 per cent solution of ammonia. 

FLOORBEAM CONNECTIONS.—The details of floorbeam connections depend upon the 
clearance, depth of truss, length of panels and type of floor. A standard type of floorbeam con- 
nection for a pin-connected truss of 150 ft. span is shown in Fig. 28, and details of the lower lateral 
connection are shown in Fig. 27, Details of a floorbeam connection for a pin-connected truss with 
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four stringers is shown in Fig. 29. Details of a floorbeam for a riveted truss bridge are shown in 
Fig. 40. Details of an end floorbeam are shown in Fig. 40. Details of the standard end floorbeam 
of the A. T. & S. F. Ry. are shown in Fig. 30. The end floorbeam in Fig. 30 is supported directly 
on the end pin, and gives a very satisfactory solution of a difficult problem and requires the driving 
of a minimum number of field rivets. 

PEDESTALS AND SHOES.—Details of standard cast steel pedestals and shoes as designed 
by the Chicago, Milwaukee & St. Paul Ry. are shown in Fig. 31, Fig. 33, and Fig. 34. Details 
of segmental rollers are shown in Fig. 32, and Fig. 35. Details of expansion bearings for plate 
girders are shown in Fig. 36, and Fig. 37. Details of a built-up end shoe with circular rollers 
are shown in Fig. 40. Details of a built-up end shoe and segmental rollers are shown in Fig. 41. 

EXAMPLES OF PLATE GIRDERS.—Details of an 85-ft. span single track deck railway 
plate girder bridge as designed for the Kansas City, Mexico & Orient R. R., by Mr. Ira G. 
Hedrick, Consulting Engineer, are shown in Fig. 36. The upper flanges are made of four angles 
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without cover plates, so that the ties may be of uniform thickness and there will be no rivet heads 
to interfere with placing the ties. The lower flanges are made of angles with cover plates. These 
plans represent the most modern practice in the design of deck plate girder railway bridges. 
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Details of a 60-ft. span single track through railway plate girder bridge as designed for the 
Harriman Lines are shown in Fig. 37. The details of the bearings are shown. Rollers are used 
for the expansion ends of spans of 75 ft. and over. Data on standard plate girder bridges designed 
under Common Standard Specifications 1006 are given in Table I. 

EXAMPLES OF TRUSS BRIDGES.—The marking diagram for a truss railway bridge is 
shown in Fig. 38. The lower chord joints are marked Lo, Li, L2, etc., while the upper chord 
joints are marked Uj, U2, etc. In detailing a truss an inside view of the left end of the farther 
truss is shown; this is marked right as shown. Details of a single track through riveted truss 
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SHOE DETAILS. 
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bridge designed for the Kansas City, Mexico & Orient R. R., by Mr. Ira G. Hedrick, Consulting 
Engineer, are shown in Fig. 39 and Fig. 40. The end-posts and top chords are made of two 15 
inch channels with a cover plate, and the lower chords, the posts and the main ties are made of 
two channels with the flanges turned in. The total weight of the steel in the span was 303,000 Ib. 
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Details of a double track through riveted truss bridge designed for the Chicago & North- 
western Ry. are given in Fig. 41. The bridge has a span of 170 ft., the trusses are spaced 29 ft. 
iin. centers, and the bridge has a vertical clearance of 22 ft. 6 in. This bridge has trusses with 
triple intersection webs, and has a ballasted track carried on a steel plate trough floor. This 
bridge was designed for a dead load of 4,570 Ib. per lineal foot for each truss and an E 50 live load. 
There is a top lateral system of multiple X-bracing made with pairs of angles latticed, and sway 
bracing of transverse top chord struts and portals. 

Detail shop drawings of the end-post of a pin-connected truss bridge are given in Fig. 42, and 
the detail shop drawings of the end section of the top chord of the same bridge are given in Fig. 43. 
The standard methods of detailing compression members are shown. 

Details of a single track pin-connected truss bridge designed by Mr. Ralph Modjeski for the 
Northern Pacific R. R. are given in Fig. 44, Fig. 45 and Fig. 46. 

SPECIFICATIONS FOR RAILWAY BRIDGES.—To determine the present practice in 
the design of railway bridges the author has made a study of the latest available specifications. 
As a basis for comparison the sixteen specifications given in Table XI, were selected as being 
representative of the best practice. Several other prominent railroads have adopted the speci- 
fications of the American Railway Engineering Association, so that the sixteen specifications cover 
the major part of the railroad mileage in North America. The standard specifications of the 
Chicago, Milwaukee and St. Paul Ry., the New York, New Haven and Hartford R. R., and 
the Canadian Society of Civil Engineers, all adopted in 1912, are based on the standard speci- 
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HALF INTERMEDIATE SECTION 


‘Note '- 6- A Horned, bolts at top of each 
Stringer connection: 

Lads of Fler beams to be Faced. 

2"Standard Floor Bolts, one to every, 
Splice in guard timber- 

% 5td-Hook, one every third te, to 
cach jitinger- 

F*/0" Boat Spikes, one to every tie 
éceph at guard timber splices- 


Cooper's E-50 Loading: . 


Fic. 45. SINGLE Track: THROUGH 


HALF END ELEVATION 


Rivets to be g “diameter: 


NORTHERN PACIFIC RY. 
STANDARD PLAN 
J50 FT- THROUGH SPAN . 


RALPH MoDJESK1, ENGINEER: - 


PIN-CONNECTED RamLway BRIDGE. 


— 
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Note:- 6~ 7 5" turned bolts at top of each stringer connection: 


| HESS as 


&4- 2 Turned Bolts Req'd: 


- STRINGERS 
EXPA NSION END 
BILL OF TRACK MATERIAL Note = Holes to Le punched with 2" diameter 
FOR ONE SPAN die, and reamed 107g ‘6, S "diameter after assembling: 


‘Rivets to be Z "diameter- 
Total weight of one span including track. 
bolts and bearings =3/5,490 |bs 


NORTHERN PACIFIC RY: 
STANDARD: PLAN 

[50 FT- THROUGH SPAN + 
Coopers E~50 Loading: FALPH MobJEsKI, ENGINEER: 


Frc. 46. StncLe Track THROUGH PIN-CONNECTED RaiLway Bripce. 
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fications of the American Railway Engineering Association; the specifications in each case differing 
from the specifications of the American Railway Engineering Association only in requirements 
for clearances, and in minor clauses, and clauses required to cover individual practice, and local 


conditions of the individual roads. 
TABLE XI. 


RAILWAY BRIDGE CLEARANCES 


pe ee 
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Az Jotal Length of Car. 2.2 .--->l 


t= Toft Lenate of Spam. ee 
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Fic. 47. CLEARANCE DIAGRAM. 


The present practice is to use the specifications of the American Railway Engineering Associ- 
ation as a basis for specifications and to add such additional clauses as may be necessary to cover 
the practice of the individual railroad. Several railroads have adopted the specifications of the 
American Railway Engineering Association and issue supplementary instructions to cover their 
individual practice; see standards of Chicago, Milwaukee & St. Paul Ry. which follow the 
A. R.E. A. specifications in this chapter. The specifications of the American Railway Engineering 
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* Association are reprinted in the last part of this chapter. To show the present practice in the 
design of railway bridges as given in the sixteen different specifications the most important vari- 
ations from the American Railway Engineering Association Specifications will be briefly discussed. 
The sections in the specifications of the American Railway Engineering Association will be referred 
to by number. 


§2. Clearances.—The clearances for through single track bridges on tangent are given in 
Table XI. The clearances on curves differ considerably. Standard formulas for calculating 
bridge clearances on curves are as follows: 


Nomenclature, Fig. 47:— Formulas:— 
D = degree of curve A? A?.D 
R = radius of curve, in feet CAN a7) (nearly) = 8 X 5730 
w = clearance width on tangent = ,000021817.42-D 
a@ = mid-ordinate to chord of length A b = .000021817 B?-D 
6 = mid-ordinate to chord of length B ¢ = .000021817 L?-D 
¢ = mid-ordinate to chord of length L e , 
é = amount of superelevation in feet which is s= = X h = 0.2e-h (c. toc. rails 
“taken up in floor of span es 
h = height of car or distance from top of upper ; = 5 ft, nearly) 
flange or chord, whichever is least (Sg a A 1. E 
$= pgalional Maer e required on account 2 2 
- of superelevation a G 
G = outside clearance from center line of bridge 4 2 aks 2 waht 
# = inside clearance from center line of bridge For Standard Car 
A = 80/-0” B = 60’-0"’ 
@ = 0.1396D 
b = .07854D 
G= = + (.06109 + .co00010909 L?)D 
H= . + (.07854 + .oo0010909 L?) D 


+ 0.2e-h 
The following specifications indicate the present practice of several railroads. 
New York Central Lines—Single-track through bridges on curves shall have the location of 
the trusses or girders and the width between clearance lines as shown in Figs. 48 and 49. 


CLEARANCE LINE ~ CLEARANCE LINE 


a 


“fr 5 Ny = 
ER LIME LOF Track CENTERLINE OF Tac 
tea == ee ———— —- oO JF <= SS =f: 
ny — ; x ~) ‘ an) 

aoe 

{ Ook, fet k 

V CLEARANCES, LINE ~s_ | 

1 t . ! 

le -=. LENGTH OF SPAN __ Si we... LEYCTH OF SPAN _ 

Fic. 48 Fic. 49 


W = lateral clearance from center line of track required by clearance diagram for tangent aline- 
ment. 
M = middle ordinate of curve for a chord equal to span length. 
X = addition for overhang of a car 85 ft. long, with trucks 60 ft. c. to c.; to be taken as one inch 
' for each degree of curve. ‘ 
Y = addition in inches (on the inside of the curve only) on account of the superelevation of the 
outer rail, to be taken as follows: ; 
For heights from 15 ft. to 22 ft. above the top of rail; Y = 3 inches per inch of superelevation. 
For eae from 3 ft. 9 in. to 15 ft. above top of rail; Y = s-h/5 (to use with W = 7 ft. 
6 in.). 
For heights from top of rail to 3 ft. 9 in. above; Y = s(h + 1.5)/4. 
= superelevation in inches. i 
= height above top of rail in feet. 
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Cooper's Specifications—The additional clearance for curves is to be as follows: 0.85D 
= inches on each side; 1.70D = inches between track; where D = degree of curve. 

N.Y., N. H. & H. R. R—The additional clearances on curves will be as follows: 1.00 X D 
= inches on each side; 1.75D = inches between tracks, where D = degree of curve. 

Types of Bridges.—The present practice is to use plate girders for spans up to IIo or 120 ft., 
riveted trusses for spans of from 100 to 200 or 250 ft., and pin-connected trusses for spans of 
about 200 ft. and upwards. Riveted truss bridges of 300 and 400 ft. span are not uncommon. 
The types of bridges and minimum lengths of span as given in twelve specifications are given in 


Table XII. 


TABLE XII. 
TVPES OF BRIDGES AND LENGTHS OF SPAN: 


20 10100 \100 40 250| L50 and up 
25 toH0 | 0 to 160\ 60 and up 
L5 to H0\ HO to 80 \/80 and up 

40100 100 10L30| 250 and up 
25 to 80\ 80 to /50\ 150 and up 
/8 t0.100 \100 t0£00\ £00 to 600 


1: Fenna-Lines West of Pittsburgh 1906 
[5-Natronal Lines of Mexsco,/907| 
I? Department of Railways of Conads, [U8 


§3. Spacing of Trusses.—The present practice is not to put requirements for spacing of 
trusses, lengths of span, types of bridge, etc., in the specifications but to prepare office standards 
for the use of engineers and draftsmen. Data on spacing stringers, girders and trusses are given 
in Table XIII. The spacings for Illinois Central R. R. deck girders are given in Figs. 11, 12 and 
13, and of Common Standard Bridges in Table I. 

The Chicago, Milwaukee and St. Paul Ry. spaces girders 7 ft. 6 in. west of the Missouri 
River, and 8 ft. east of the Missouri River. The Northern Pacific R. R. spaces stringers 8 ft. 
for spans of 150 to 200 ft.; and deck girders 8 ft. for 80 ft. spans. ‘ 

§5. Ties.—The present practice is to calculate the size of stringers for the specified fiber 
stress. Fifteen specifications require that the wheel load be considered as carried by three ties, 
and one specification hy four ties. Data on ties are given in Table XIV. 

The Illinois Central R. R. uses ties on deck girders as follows: 


Deck Spans. . Distance Centers. 


60 ft. and under rts 


60 ft. to 8o ft. 8 ft. 
80 ft. to 100 ft. 9 ft. 
too ft. to r10 ft. 93 ft. 


§6. Dead Loads.—Data on dead loads are given in Table XV. 


oe 


— 
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TABLE XIII. 


SPACING OF GIRDERS AND TRUSSES 


yp to b0Ft, 7-0" 
bOLt 10 80F 4, &0" 
op to 60 Fr, FO" 
OOFt to BOF, 80"\ HO Ft-t0 130 F4 120" 
50F4 tol00 Ft, 120" 130 Ft- to S040" 
not less than 6-6" 
up to 60 Ft, 7-0" 
A stringers \b0/t-to80ft, 8:0" 
spaced L°6"\ BOF ttolOFt, #0" 
WOOF toll Fh, 9-6" 
up to 80 Ft, 70" 
over 80 F#-, 60 


S00 Ft to HOFF, 10-0" 
HOFF pe l0F4 120" 
LOE to LOK ¢,, 40" 


I Minois Central 9/1 


wp to TS Ft, 66" 
over T5 Fk, 7-6" 


SpanfLl0 


Jingle Track, 6-0" yt t 
Double Track, 616"\99 % 15 Span: 


§7. Live Loads.—Data for live loads are given in Table XVI. The type of engine is given 
in the second column and the weight in thousands of pounds of a single engine without tender 
is given in the third column; the special loadings and the spacing of the loads are given in the 
fourth and fifth columns; the impact formulas are given in the sixth column; the allowable tensile 
- stresses are given in the seventh column, and the equivalent loading is given in the last column. 
The equivalent loading is found by multiplying the loading in the second column by 16,000 and 
Bividing by the allowable tensile strength. The present standard loading on trunk lines is Cooper’s 

60 loading. 

The C. M. & St! P. Ry. uses E 60 followed by a train load of 7,000 Ib. per lineal foot of track 
on ore roads; while the Duluth & Iron Range R. R. uses E 60 followed by a train load of 8,000 Ib. 
per lineal foot of track. A 

In a paper entitled ‘Rolling Loads on Bridges” published in Bulletin No. 161, Am. Ry. 
Eng. Assoc., November ‘1913, Mr. J. E. Greiner, Consulting Engineer, has tabulated the live 
loads of 39 railroads, including all but one of the roads in Table XVI. Of the 39 roads thirteen 
are building bridges equal to E 60; four equal to E57; seven equal to E 55; one equal to E 533 
ten equal to E 50; two equal to E 47; one equal to E 45, and one equal to E 65. 

Of the 39 roads considered 26 roads use the impact formula of the Am. Ry. Eng. Assoc.; 
- and 24 roads use a tensile stress of 16,000 lb. per sq. in. The highest tensile stress is 18,000 lb. 
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TABLE XIV. 
DATA ON TIES ON BRIDGES. 


Minimum Size and Spacing of Ties. Data for Design. 


Specifications. 4 
we aealheees Spacing.| Fiber Stress, Lb. | Impact, 
Lengt! aximum Spacing per Sq. In. Per Cent. 


Io ft. 6 in. 2,000 
12 in. centers 1,400 
6 in. 1,000 

i 2,000 

2,000 


i. 
2. 
3. 
4. 
BS 
6. 
Tis 
8 


COO PerEte. iie neice = 1,000 
6” X 8” flat 

. Illinois Central R. R.| 4 Four lines of 
stringers) 

.K. CM. & O. R. R.| 8 in. X Io in. : 13 in. centers 

on edge 

Tay. ViRaiRendacisi wi } 6 in. 

NIN: ¥iGentral (ines. |)... ceca eeiel|- aerate 


No} 


Qa 


6 in. 


burgh aja a) ApoE atime TNE eee ie 
PeiNiaty ll. rot WiexicO br. || ccieeetae tem ree 
weCan ooGn Cabs c 


TABLE XV. 
Data ON DEAD LOADS. 


Weight in Lb. 


Specifications. Maitast.) \u@oneretes Rails and Total Weight of 


Fastenings. Floor, Lb. 


Timber Ballasted 


> 
cs) 


Ss 
R.R 


Sti Payee 
. Common Standard..... 
pe GQOM Eres vis.c eierstaeele 
. Illinois Central R. R.... 


pemee 


Hs Rol Oh (NICO 5 NERS re 
. Lehigh Valley R.R..... 
MNT, We. Centrale Ry 
SIND Yio, UNE wGcuclepieccN 
. Penna. W. of Pittsburgh 
. Nat. L. of Mexico 

. Dept. of R. R. of Canada 


per sq. in. and the lowest is 15,000 Ib. per sq. in. Of the 39 roads considered all except one use a 
concentrated system of engine loadings; one road, the Pennsylvania Lines West of Pittsburgh, 
uses a uniform load of 5,500 Ib. per lineal foot of track and an excess load of 66,000 lb. on one 
axle: no road is using an equivalent uniform load. For data on the heaviest locomotives in service 
and the relative stresses due to these locomotives compared with E 50 loading see Table II. 

Mr. Greiner’s conclusion is that E 50 bridges will safely carry all loads that can be carried 
without increasing the present vertical and horizontal clearances. 
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TABLE XVI. 
Live LoAps ror RamLway BRIDGEs. 


Special Loads. 


Equivalent 


A 4 : : il i Loading in 
Specification.* ; Spacing | Impact. fo rele SEES Terms of 


Tensile 
Stress. 


Launhardt 
BE 
LL + DL 
A.R.E. A. 


E 60 
E 60 


E 60 


Pittsburgh....] Excess® Srtaetowelit 
15. Nat. L. of Mex..| E 60 75,000 5 


. C.M. & St. P. Ry. uses E 55 east of the Missouri River and E 60 west. 
. A uniform train load of 7,000 lb. per lin. ft. on ore roads. 

- A uniform train load of 5,000 lb. per lin. ft. 

. A uniform train load of 6,000 Ib. per lin. ft. 

. Train load of 5,500 lb. per lin. ft. and excess load of 66,000 lb. 


g. Impact.—Ten of the sixteen specifications use the impact coefficient as given in section 9, 
I = 300/(L + 300). Three specifications follow Cooper’s method of using dead load unit stresses 
equal to twice the live load unit stresses, with different stresses for different members. Two 


. ‘ F min. stress ‘ 
specifications use Launhardt’s formula, P = S (: + an ans) where P = allowable unit 
max. stress 


stress, and S = allowable unit stress for live load alone. One specification uses the impact 
Live Load Stress 


Live Load Stress -+ Dead Load Stress 

In the paper referred to in section 7, Mr. Greiner found that 26 roads used the A. R. E. A. 
formula for impact. 

§10 & 11. Wind Loads.—The wind loads given in the different specifications are variable 
and space will not permit going into detail. Most of the specifications require that the moving 
wind load on the loaded chord be considered as applied at 6 or 7 ft. above the top of the rail. 

§13. Centrifugal Force.—Five of the sixteen specifications have the same requirement as in 
section 13. The centrifugal force of a body moving in a circular path is C = W-V2/32-2R, 
where W = weight of live load per lineal foot; V = velocity of train in feet per second, and 
R = radius of curve in feet. For a speed of 60—24D, C = 0.039W for a1 degree curve; C = 
0.071W for a 2 degree curve; C = 0.117W for a 4 degree curve, and C = 0.143W for a 10 degree 
curve. Five specifications require that the centrifugal force be applied at 5 to 7 feet above the 
rail. Two specifications take the centrifugal force as C = 0.03W-D, where W = equivalent 
weight of live load per lineal foot, and D = degree of curve; one takes. C = 0.02W-D, and two 
take C = 0.045W-D. The K. C. M. & O. R. R. takes C = W-V2/32-2R, where W = equiva- 
lent weight of live load per lineal foot, V = velocity of train in feet per second (calculated for 50 
miles per hour), and R = radius of curve in feet. This gives C = 0.029W-D, 


formula, I 
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§14. Unit Stresses.—For a comparison of the tensile unit stresses see Table XVI. 

$22. Alternate Stresses.—Four of the sixteen specifications use the same specification as in 
section 22. Six-specifications use Cooper’s specification. ‘‘All members and their connections 
shall be designed to resist each kind of stress. Both of the stresses shall, however, be considered 
as increased by 0.8 of the least of the two stresses.” One specification increases each stress by 
0.60 of the lesser stress, one by 0.70, and two by 0.75. One specification uses Weyrauch’s formula, 

min. stress 
P=S ( 1 — ——— — 
2 max. stress 
= allowable unit stress for live loads alone. 

§26. Net Sections.—Section 26 is standard. In addition the method of calculating the 
net area of a riveted tension member is given in several specifications. 

Cooper requires that “‘ The rupture ofa riveted tension member is to be considered as equally 
probable, either through a transverse line of rivet holes or through a zigzag line of rivet holes, where 
the net section does not exceed by 30 per cent the net section along a transverse line.”’ : 

The Baltimore & Ohio R. R. requires that ‘‘The greatest number of rivet holes that can be 
cut by a transverse plane, or come within one inch of the plane is to be deducted in calculating 
the net section.” 

The New York Central Lines require that ‘‘The net section of riveted members shall be the 
least area which can be obtained by deducting from the gross sectional area the areas of holes cut 
by any plane perpendicular to the axis of the member and parts of the areas of other holes on one 
side of the plane, within a distance of 4 inches, and which are on other gage lines than those of the 
holes cut by the plane, the parts being determined by the formula: A(1 — p/4), in which A = the 
area of the hole, and » = the distance in inches of the center of the hole from the plane.” 

The Canadian Society of Civil Engineers requires “‘ There shall be deducted from each member 
as many rivets as there are gage lines, unless the distance center to center of rivets measured in 
the diagonal direction is 40 per cent greater than their distance center to center of gage lines.” 

§29. Plate Girders.—Seven of the sixteen specifications require that plate girders be pro- 
portioned either by the moment of inertia of their net section; or by assuming that the flanges 
are concentrated at their centers of gravity; in which case one-eighth of the gross section of the 
web, if properly spliced, may be used as flange section. Six specifications require that the bending 
moment all be taken by the flanges. Two specifications require that the bending moment be 
taken by the flanges and that one-eighth of the gross section of the web be taken as flange area. 
One specification requires that plate girders with stiffeners be designed on the assumption that 
the flanges take all the bending moment, and that for plate girders without stiffeners one-eighth of 
the web may be considered as flange area. - 

§30. Compression Flanges.—T wo specifications require that the flange angles shall contain 
at least one-half of the area of the flange. The specifications uniformly require that the com- 
pression flange shall have the same gross area as the tension flange. 

§36. Counters.—Eight specifications require that counters be stiff members. Eight speci- 
fications permit adjustable counters and laterals. 

§45. Minimum Angles.—Five specifications give 33’’ X 3’’ X }’’ as the minimum angle. 
Two specifications give 3’’ X 23’’ X 3’’ as the minimum angle. One specification requires that 
the vertical leg be not less than 33’. One specification requires that connection angles for stringers 
and floorbeams be not less than 4’’ X 4’’ X $’’; one specification 33’’ X 33’’ X 4’, and one 
specification 6/’ X 4/’ X 3/”. 

§59. Expansion.—Six specifications require that provision be made for an expansion of $ in. 
for each 10 ft. of span. Five specifications require that provision be made for a range in tempera- 
ture of 150 degrees F.; one for 180 degrees F. Three specifications require that provision be 
made for an expansion of I in. in 100 ft.; one for an expansion of r in. in 70 ft. 

§62. Rollers.—Six specifications require that rollers be at least 6 in. in diameter. Five 
specifications permit rollers 4 in. in diameter. One specification permits rollers 3 in. in diameter. 
Cooper requires that rollers for spans up to 100 ft. be 44 in., and that the diameter be increased 
1 in. for each 10 ft. increase in span over 100 ft. The New York Central R. R. requires that rollers 
shall not have a less diameter in inches than 3 + 0.03 (span in feet). 

§68. Stringer Connection Angles.—One specification requires that connection angles of 
stringers and floorbeams be not less than 4’’ X 4’’ X §’; one specification 33’’ X 33/’ X 3”, 
and one specification 6” X 4/’ X 3”. 

§77. Camber of Plate Girders.—Four specifications require that plate girders more than 
50 ft. long be cambered 7 in. per 10 ft. of length. Two specifications require full camber. Two 
specifications require a camber of yxy the span. Two specifications require a camber of yo'sp the 
span. One specification requires a camber of } in. per ro ft. of length, one specification requires 


a camber of 7s in. per 15 ft. of length. Four specifications do not require that plate girders be 
cambered, 


Ne where P = allowable unit stress for alternate stresses, and S 
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§79. Web Stiffeners.—Seven specifications have the same specification as given in section 79° 
Two specifications require that stiffeners be spaced not to exceed depth of girder. The Baltimore 
& Ohio R. R. requires that stiffeners be spaced not to exceed depth of girder or 6 ft., and that for 
webs up to 6 ft. 6 in., stiffeners shall be 33’’ X 34/’ X $’’ angles; for webs from 7 ft. to 7 ft. 6 in., 
stiffeners shall be 5’’ X 33’’ X 3’’ angles; for webs 8 ft. and over, stiffeners shall be 6’’ Ka eat 
angles. The New York Central Lines require that stiffeners be spaced not to exceed depth of 
girder or 5 ft. 6 in.; near ends of girders the spacing shall not exceed one-half the depth of girder 
or 3 ft. 6 in. 

: The New York Central Lines require that stiffeners shall have an outstanding leg nof less 
than 2 inches plus #5 the depth of the girder. 

The Chicago, Milwaukee & St. Paul Ry. requires that stiffeners bearing against 6’’ x 6’ 
flange angles shall be 5’’ X 33’’ X 3/’; and against 8’’ X 8/’ flange angles shall be 6’’ & 33/’ & 3”, 

§81. Camber of Trusses.—Six specifications require full camber as stated in section 81. Six 

specifications require that the upper chords be increased + in. for each 10 ft. One specification 
requires that the upper chord be increased } in. for each 15 ft. Two specifications require that 
trusses be cambered y'5y the span. One specification requires that trusses be cambered x0ov the 
span. : 
§82: Rigid Members.—All specifications require that hip verticals and the two end panels 
of bottom chords (two at each end) be stiff members. The Common Standard specifications 
(Harriman Lines) require that the bottom chords of bridges of less than 150 ft. span be stiff 
members. The Illinois Central R. R. requires that bridges with 6 panels or less shall have stiff 
lower chords. The New York Central Lines limit the specification for rigid members to spans 
less than 300 ft. 

§83. Eye-bars.—Nine specifications permit bars to be out of line 1 in. in 16 ft. as in section 83. 
One specification permits bars to be out of line 1 in. in 8 ft. 

Miscellaneous.—The following specifications are of interest. 

Initial Stress.—Four of the sixteen specifications require that diagonals and struts be designed 
for an initial stress of 10,000 Ib. in each diagonal. 

Collision Strut.—Two of the sixteen specifications require collision struts. 

Fastening Angles.—Two specifications require that angles must be fastened by both legs. 
Three specifications require that angles be fastened by both legs or only one leg will be considered 
effective. One specification requires that 75 per cent of the net area be considered effective where 
angles are fastened by one leg, and 90 per cent of the net area be considered effective where angles 
are fastened by both legs. 

Calculating Dead Load Stresses.—One specification requires that all the dead load be con- 
sidered as coming on the loaded chord. Two specifications require that three-fourths of the dead 
load be considered as coming on the loaded chord and one-fourth on the unloaded chord. Two 
specifications require that two-thirds of the dead load be considered as coming on the loaded chord 
and one-third on the unloaded chord. Two specifications require that the floor load shall be 
assumed as taken by the loaded chord, and the remainder of the,dead load to be divided equally 
‘between the chords. The other specifications do not state where the dead load shall be applied. 

Minimum Bar.—Three specifications require that the minimum bar shall have not less than 
3 sq. in. cross section. One specification permits a minimum bar I} in. square. One specification 
requires that an increase of 80 per cent in the live load shall not increase the stress in the counters 
more than 80 per cent. One specification has a similar clause with 70 per cent variation. 

Paint.—The shop coat of paint as required by several specifications is as follows: 

The New York Central Lines use red lead paint mixed by the following formula:—1oo lb. 
pure red lead; 4 gallons pure open-kettle-boiled linseed oil; and not'to exceed one-half pint of 
turpentine-japan drier. 

The Boston & Maine R. R. and the New York, New Haven & Hartford R. R. use red lead 
paint made by mixing.32 lb. of red lead to one gallon of linseed oil. 

The A. T. & S. F, Ry. gives steel work a shop coat of linseed oil; while the C. R. I. & P. 
R. R. uses linseed oil with 10 per cent of lamp black. 

The Illinois Central R. R. uses red lead paint for a shop coat. 

The Pennsylvania Lines West of Pittsburgh use a shop coat of pure linseed oil. 

The Common Standard specifications require a shop coat of red lead. 


GENERAL SPECIFICATIONS FOR STEEL RAILWAY BRIDGES.* 


American Railway Engineering Association. 
Fourth Edition. 


STANDARD SPECIFICATIONS. 


PART FIRST—DESIGN. 


I. GENERAL. 


1. Materials.—The material in the superstructure shall be structural steel, except rivets, 
and as may be otherwise specified. 

2. Clearances.—When alinement is on tangent, clearances shall not be less than shown on 
the diagram; the height of rail shall, in all cases, be assumed as 6in. The width shall be increased 
so as to provide the same minimum clearances on curves for a car 80 ft. long, 14 ft. high, and 60 ft. 
center to center of trucks, allowance being made for curvature and superelevation of rails. 

3. Spacing Trusses.—The width center to center of girders and trusses 
shall in no case be less than one-twentieth of the effective span, nor less than 
is necessary to prevent overturning under the assumed lateral loading. 

4. Skew Bridges.—Ends of deck plate girders and track stringers of 
skew bridges at abutments shall be square to the track, unless a ballasted 
floor is used. 

5. Floors.—Wooden tie floors shall be secured to the stringers and shall 
be proportioned to carry the maximum wheel load, with 100 per cent impact, 
distributed over three ties, with fiber stress not to exceed 2,000 Ib. per sq. in. 
Ties shall not be less than ro ft. in length. They shall be spaced with not 
more than 6-in. openings; and shall be secured against bunching. 


II. LOADS. 


6. Dead Load.—The dead load shall consist of the estimated weight of ya Sale 
the entire suspended structure. Timber shall be assumed to weigh 4% |b. per f m5 
ft. B. M.; ballast 100 lb. per cu. ft., reinforced concrete 150 Ib. per cu. ft., 
and rails and fastenings, 150 lb. per linear ft. of track. 

+7. Live Load.—The live load, for each track, shall consist of two typical engines followed 
by a uniform load, according to Cooper’s series, or a system of loading giving practically equivalent 
strains. The minimum loading to be Cooper’s E-40, and the special loading, the diagram as 
shown in the following diagrams, that which gives the larger strains to be used. 

+8. Heavier Loading.—Heavier loadings shall be proportional to the above diagrams on the 
same spacing. : 

g. Impact.—The dynamic increment of the live load shall be added to the maximum computed 

300 
L + 300’ 
where I = impact or dynamic increment to be added to live-load strains. 

‘S = computed maximum live-load strain. 

L = loaded length of track in feet producing the maximum strain in the member. For 
bridges carrying more than one track, the aggregate length of all tracks producing 
the strain shall be used. 

x topes shall not be added to strains produced by longitudinal, centrifugal and lateral or 
wind forces. 

10, Lateral Forces.—All spans shall be designed for a lateral force on the loaded chord of 
200 Ib. per linear foot plus 10 per cent of the specified train load on one track, and 200 lb. per 
linear foot on the unloaded chord; these forces being considered as moving. 


222-2 ---— 5 - + - - = | 


live load strains and shall be determined by the formula I = S 


* Adopted by the American Railway Engineering Association. 
+ See Addendum, clause (a). 
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11. Wind Force.—Viaduct towers shall be designed for a force of 50 Ib. per sq. ft. on one 
and one-half times the vertical projection of the structure unloaded; or 30 Ib. per sq. ft. on the 
same surface plus 400 Ib. per linear ft. of structure applied 7 ft. above the rail for assumed wind 
force on train when the structure is either fully loaded or loaded on either track with empty cars 
assumed to weigh 1,200 Ib. per linear ft., whichever gives the larger strain. 
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12. Longitudinal Force.—Viaduct towers and similar structures shall be designed for a 
longitudinal force of 20 per cent of the live load applied at the top of the rail. 

13. Structures located on curves shall be designed for the centrifugal force of the live load 
applied at the top of the high rail. The centrifugal force shall be considered as live load and be 
derived from the speed in miles per hour given by the expression 60 — 21D, where “D” = degree 
of curve. 


III]. UNIT STRESSES AND PROPORTION OF PARTS. 


14. Unit Stresses.—All parts of structures shall be so proportioned that the sum of the maxi- 
mum stresses produced by the foregoing loads shall not exceed the following-amounts in pounds 
per sq. in., except as modified in paragraphs 22 to 25: 


15. Tension.—Axial tension on net section.................00000000----.. 16,000 
16. Compression.—Axial compression on gross section of columns........... 16,000 — 70— 
MMMM RIERA Nae bot Aociincte < 8s, Sirocco him ew Beck... 14,000 


Direre compression on steel castings: 2 ces. 6.esndeessodessdecvoeecseverccnc, 16,000 
17. Bending.—Bending: on extreme fibers of rolled shapes, built sections, 

girders and steel RASPES Ot SEClION av aki atic on erie sonia «., 16,000 

Re ee OPA BCES ODIs aaah ee Seon tl wee er oa te ee, 24,000 
18. Shearing.—Shearing: shop driven rivets and INS ee Mr ky thee ae ee . 12,000 

eapeevencivels and turted bolts... 00... eb. ene. ee 10,000 

Bee Ge MOOS, BUDES GECHON.. «oe ae Signe anes ued cn ee ee 10,000 
19. Bearing.—Bearing: shop driven rivets and TUES S34 oo Soka eae een ee 24,000 

Mane cn civew.and turned bolts. s.dey oka ee 20,000 

Reb ees vouctspcr linear inch coe, a ap ac cdg eS tae 600d 

where “‘d” is the diameter of the roller in inches. 

UO HEES OR g <6 Bgey Geen CCT Clohsini eet sera er clas eatin a nel dia ent na a 600 


20. Limiting Length of Members.—The lengths of main compression members shall not 
exceed 100 times their least radius of gyration, and those for wind and sway bracing 120 times 
their least radius of gyration. 

21. The lengths of riveted tension members in horizontal or inclined positions shall not 
exceed 200 times their radius of gyration about the horizontal axis. The horizontal projection 
of the unsupported portion of the member is to be considered as the effective length. 

. 22. Alternate Stresses.—Members subject to alternate stresses of tension and compression 

shall be proportioned for the stresses giving the largest section. If the alternate stresses occur 
in succession during the passage of one train, as in stiff counters, each stress shall be increased by 
50 per cent of the smaller. The connections shall in all cases be proportioned for the sum of the 
stresses. 

23. Wherever the live and dead load stresses are of opposite character, only two-thirds of the 
dead load stresses shall be considered as effective in counteracting the live load stress. 

24. Combined Stresses.—Members subject to both axial and bending stresses shall be pro- 
portioned so that the combined fiber stresses will not exceed the allowed axial stress. 

25. For stresses produced by longitudinal and lateral or wind forces combined with those 
from live and dead loads and centrifugal force, the unit stress may be increased 25 per cent over 
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those given above; but the section shall not be less than required for live and dead loads and 
centrifugal force. 

26. Net Section at Rivets.—In proportioning tension members the diameter of the rivet holes 
shall be taken }-in. larger than the nominal diameter of the rivet. 

27. Rivets.—In proportioning rivets the nominal diameter of the rivet shall be used. 

28. Net Section at Pins.—Pin-connected riveted tension members shall have a net section 
through the pin-hole at least 25 per cent in excess of the net section of the body of the member, 
and the net section back of the pin-hole, parallel with the axis of the member, shall be not less than 
the net section of the body of the member. 

29. Plate Girders.—Plate girders shall be proportioned either by the moment of inertia of 
their net section; or by assuming that the flanges are concentrated at their centers of gravity; 
in which case one-eighth of the gross section of the web, if properly spliced, may be used as flange 
section. The thickness of web plates shall be not less than tio of the unsupported distance 
between flange angles (see 38). 

30. Compression Flange.—The gross section of the compression flanges of plate girders shall 
not be less than the gross section of the tension flanges; nor shall the stress per sq. in. in the 


4 ea L f 
compression flange of any beam or girder exceed 16,000 — 200 re when flange consists of angles 


4 : Uae ; : 
only or if cover consists of flat plates, or 16,000 — 1507, if cover consists of a channel section, 


where J = unsupported distance and b = width of flange. 

31. Flange Rivets.—The flanges of plate girders shall be connected to the web with a sufficient 
number of rivets to transfer the total shear at any point in a distance equal to the effective depth 
of the girder at that point combined with any load that is applied directly on the flange. The 
wheel loads, where the ties rest on the flanges, shall be assumed to be distributed over three 
ties. 

32. Depth Ratios.—Trusses shall preferably have a depth of not less than one-tenth of the 
span. Plate girders and rolled beams, used as girders, shall preferably have a depth of not less 
than one-twelfth of the span. If shallower trusses, girders or beams are used, the section shall 
be increased so that the maximum deflection will not be greater than if the above limiting ratios 
had not been exceeded. 


IV. DETAILS OF DESIGN. 


GENERAL REQUIREMENTS. 


33. Open Sections.—Structures shall be so designed that all parts will be accessible for 
inspection, cleaning and painting. c- Oat 

34. Pockets.—Pockets or depressions which would hold water shall have drain holes, or be 
filled with waterproof material. cy 

35. Symmetrical Sections.—Main members shall be so designed that the neutral axis will be 
as nearly as practicable in the center of section, and the neutral axes of intersecting main members 
of trusses shall meet at a common point. 

36. Counters.—Rigid counters are preferred; and where subject to reversal of stress shall 
pees have riveted connections to the chords. Adjustable counters shall have open turn- 
buckles. 7 

37. Strength of Connections.—The strength of connections shall be sufficient to develop the 
full strength of the member, even though the computed stress is less, the kind of stress to which 
the member is subjected being considered. 

a 38. Minimum Thickness.—The minimum thickness of metal shall be 3-in., except for 
ers. 

39. Pitch of Rivets.—The minimum distance between centers of rivet holes shall be three 
diameters of the rivet; but the distance shall preferably be not less than 3 in. for f-in. rivets and 
2} in. for 3-in. rivets. The maximum pitch in the line of stress for members composed of plates 
and shapes shall be 6 in. for }-in. rivets and 5 in. for in. rivets. For angles with two gage lines 
and rivets staggered the maximum shall be twice the above in each line. Where two or more . 
plates are used in contact, rivets not more than 12 in. apart in either direction shall be used to 
hold the plates well together. In tension members, composed of two angles in contact, a pitch 
of 12 in. will be allowed for riveting the angles together. 

40. Edge Distance.—The minimum distance from the center of any rivet hole to a sheared 
edge shall be 1} in. for 4-in. rivets and 14 in. for 7-in. rivets, and to a rolled edge 1} in. and 1% in., 
respectively. The maximum distance from any edge shall be eight times the thickness of the 
plate, but shall not exceed 6 in. ' 
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1. Maximum Diameter.—The diameter of the rivets in any angle carrying calculated stress 
shall not exceed one-quarter the width of the leg in which they are driven. In minor parts Zin. 
rivets may be used in 3-in. angles, and 3-in. rivets in 23-in. angles. i 

42. Long Rivets.—Rivets carrying calculated stress and whose grip exceeds four diameters 
shall be increased in number at least one per cent for each additional zs-in. of grip. 

43. Pitch at Ends.—The pitch of rivets at the ends of built compression members shall not 
exceed four diameters of the rivets, for a length equal to one and one-half times the maximum 
~ width of member. 

44. Compression Members.—In compression members the metal shall be concentrated as 
much as possible in webs and flanges. The thickness of each web shall be not less than one- 
thirtieth of the distance between its connections to the flanges. Cover plates shall have a thickness 
not less than one-fortieth of the distance between rivet lines. 

45. Minimum Angles.—Flanges of girders and built members without cover plates shall have 
a minimum thickness of one-twelfth of the width of the outstanding leg, 

46. Tie-Plates.—The open sides of compression members shall be provided with lattice and 
shall have tie-plates as near each end as practicable. Tie-plates shall be provided at intermediate 
points where the lattice is interrupted. In main members the end tie-plates shall have a length 
not less than the distance between the lines of rivets connecting them to the flanges, and inter- 
mediate ones not less than one-half this distance. Their thickness shall not be less than one- 
fiftieth of the same distance. 

47. Lattice.—The latticing of compression members shall be proportioned to resist the 
shearing stresses corresponding to the allowance for flexure for uniform load provided in the 


column formula in paragraph 16 by the term 70 f . The minimum width of lattice bars shall be 


27 in. for }-in. rivets, 2} in. for 3-in. rivets, and 2 in. if g-in. rivets are used. The thickness shall 
not be less than one-fortieth of the distance between end rivets fot single lattice, and one-sixtieth 
for double lattice. Shapes of equivalent strength may be used. 

48. Three-fourths-inch rivets shall be used for latticing flanges less than 2} in. wide, and 
jin. for flanges from 23 to 33 in. wide; g-in. rivets shall be used in flanges 3} in. and over, and 
lattice bars with at least two rivets shall be used for flanges over 5 in. wide. 

49. The inclination of lattice bars with the axis of the member shall be not less than 45 degrees, 
and when the distance between rivet lines in the flanges is more than 15 in., if single rivet bar is 
used, the lattice shall be double and riveted at the intersection. 

50. Lattice bars shall be so spaced that the portion of the flange included between their 
connections shall be as strong as the member as a whole. 

51. Faced Joints.—Abutting joints in compression members when faced for bearing shall be 
spliced on four sides sufficiently to hold the connecting members accurately in place. All other 
_ joints in riveted work, whether in tension or compression, shall be fully spliced. 

52. Pin Plates.—Pin-holes shall be reinforced by plates where necessary, and at least one 
plate shall be as wide as the flanges will allow and be on the same side as the angles. They shall 
contain sufficient rivets to distribute their portion of the pin pressure to the full cross-section of 
the niember. d : 

53- Forked Ends.—Forked ends on compression members will be permitted only where 
unavoidable; where used, a sufficient number of pin plates shall be provided to make the jaws of 
twice the sectional area of the member. At least one of these plates shall extend to the far edge 
of the farthest tie-plate, and the balance to the far edge of the nearest tie-plate, but not less than 
6 in. beyond the near edge of the farthest plate. 

54. Pins.—Pins shall be long enough to insure a full bearing of all the parts connected 
upon the turned body of the pin. They shall be secured by chambered nuts or be provided with 
see if solid nuts are used. The screw ends shall be long enough to admit of burring the 
threads. : 

55. Members packed on pins shall be held against lateral movement. : 

56. Bolts.—Where members are connected by bolts, the turned body of these bolts shall be 
long enough to extend through the metal... A washer at least f-in. thick shall be used under the 
nut. Bolts shall not be used in place of rivets except by special permission. Heads and nuts 
shall be hexagonal. 

57. Indirect Splices.—Where splice plates are not in direct contact with the parts which 
they connect, rivets shall be used on each side of the joint in excess of the number theoretically 
required to the extent of one-third of the number for each intervening plate. : 

58. Fillers.—Rivets carrying stress and passing through fillers shall be increased 50 per cent 
in number; and the excess rivets, when possible, shall be outside of the connected member, 

59. Expansion.—Proyision for expansion to the extent of 3-in. for each 10 ft. shall be made 
for all bridge structures. Efficient means shall be provided to prevent excessive motion at any 
one point. 
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60. Expansion Bearings.—Spans of 80 ft. and over resting on masonry shall have turned 
rollers or rockers at one end; and those of less length shall be arranged to slide on smooth surfaces. 
These expansion bearings shall be designed to permit motion in one direction only. 

61. Fixed Bearings.—Fixed bearings shall be firmly anchored to the masonry. 

62, Rollers.—Expansion rollers shall be not less than 6 in. in diameter. They shall be 
coupled together with substantial side bars, which shall be so arranged that the rollers can be 
readily cleaned. Segmental rollers shall be geared to the upper and lower plates. 

63. Bolsters.—Bolsters or shoes shall be so constructed that the load will be distributed over 
the entire bearing. Spans of 80 ft. or over shall have hinged bolsters at each end. 

64. Wall Plates.—Wall plates may be cast or built up; and shall be so designed as to distribute 
the load uniformly over the entire bearing. They shall be secured against displacement. 

65. Anchorage.—Anchor bolts for viaduct towers and similar structures shall be long enough 
to engage a mass of masonry the weight of which is at least one and one-half times the uplift. 

66. Inclined Bearings.—Bridges on an inclined grade without pin shoes shall have the sole 
plates beveled so that the masonry and expansion surfaces may be level. 


FLOOR SYSTEMS. 


67. Floorbeams.—Floorbeams shall preferably be square to the trusses or girders. They 
shall be riveted directly to the girders or trusses or may be placed on top of deck bridges. 

68. Stringers.—Stringers shall preferably be riveted to the webs of all intermediate floorbeams 
by means of connection angles not less than 3-in. in thickness. Shelf angles or other supports 
provided to support the stringer during erection shall not be considered as carrying any of the 
reaction. 

69. Stringer Frames.—Where end floorbeams cannot be used, stringers resting on masonry 
shall have cross frames near their ends. These frames shall be riveted to girders or truss shoes 


where practicable. 
BRACING. 


70, Rigid Bracing.—Lateral, longitudinal and transverse bracing in all structures shall be 
composed of rigid members. 

71. Portals.—Through truss spans shall have riveted portal braces rigidly connected to the 
end posts and top chords. They shall be as deep as the clearance will allow. 

72. Transverse Bracing.—Intermediate transverse frames shall be used at each panel of 
through spans having vertical truss members where the clearance will permit. ~ 

73. End Bracing.—Deck spans shall have transverse bracing at each end proportioned to 
carry the lateral load to the support. 

74. Laterals.—The minimum sized angle to be used in lateral bracing shall be 34 by 3 by ¢-in. 
Not less than three rivets through the end of the angles shall be used at the connection. 

75. Lateral bracing shall be far enough below the flange to clear the ties. Y 

76. Tower Struts.—The struts at the foot of viaduct towers shall be strong enough to slide 
the movable shoes when the track is unloaded. 


PLATE GIRDERS, 


77. Camber.—If desired, plate girder spans over 50 ft. in length shall be built with camber at 
a rate of jg-in. per 10 ft. of length. ‘ 

78. Top Flange Cover.—Where flange plates are used, one cover plate of top flange shall 
extend the whole length of the girder. 

79. Web Stiffeners.—There shall be web stiffeners, generally in pairs, over bearings, at points 
of concentrated loading, and at other points where the thickness of the web is less than yy of the 
unsupported distance between flange angles. The distance between stiffeners shall not exceed 
that given by the following formula, with a maximum limit of six feet (and not greater than the 
clear depth of the web): 


t 
d= aoe — 5s), 


Where d = clear distance, between stiffeners of flange angles. 
t = thickness of web. 
s = shear per sq. in. 


The stiffeners at ends and at points of concentrated loads shall be proportioned by the formula 
of paragraph 16, the effective length being assumed as one-half the depth of girders. End stiffeners 
and those under concentrated loads shall be on fillers and have their outstanding legs as wide as 
the flange angles will allow and shall fit tightly against them. Intermediate stiffeners may be 
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offset or on fillers, and their outstanding legs shall be not less than one-thirtieth of the depth of 
girder plus 2 in. 

80. Stays for Top Flanges.—Through plate girders shall have their top flanges stayed at 
each end of every floorbeam, or in case of solid floors, at distances not exceeding 12 ft., by knee 
braces or gusset plates. 


TRUSSES. 


81. Camber.—Truss spans shall be given a camber by so proportioning the length of the 
members that the stringers will be straight when the bridge is fully loaded. 

82. Rigid Members.—Hip verticals and similar members, and the two end panels of the 
bottom chords of single track pin-connected trusses shall be rigid. 

83. Eye-bars.—The eye-bars composing a member shall be so arranged that adjacent bars 
shall not have their surfaces in contact; they shall be as nearly parallel to the axis of the truss as 
possible, the maximum inclination of any bar being limited to one inch in 16 ft. 

84. Pony Trusses.—Pony trusses shall be riveted structures, with double webbed chords, and 
shall have all web members latticed or otherwise effectively stiffened. 


PART SECOND—MATERIALS AND WORKMANSHIP. 


V. MATERIAL. 


85. Steel.—Steel shall be made by the open-hearth process. 
86. Properties.—The chemical and physical properties shall conform to the following limits: 


Elements Considered. 


Basic... 
Ncidneer 
Sulphur, maximum.......:.. 


Phosphorus, max.. 


Ultimate tensile strength. 
Pounds per square inch 


Elong., min. %, in 8”, Fig. 1 { 


Elong., min. %, in 2M, Fig. 2.. 
Character of Fracture....... 
Cold Bends without Fracture. 


Structural Steel. 


Rivet Steel. 


Steel Castings. 


0.04 per cent 
0.06 per cent 
0.05 per cent 


Desired. 
60,000 
I,500,000* 


0.04 per cent 
0.04 per cent 
0.04 per cent 


0.05 per cent 
0.08 per cent 
0.05 per cent 


Desired. 
50,000 
1,500,000 


Ult. tensile strength 


22 
Silky 
180° flat 


Ult. tensile strength 


Silky 
180° flatt 


Not less than 
65,000 


Is per cent 
Silky or fine 
granular 

go°d = 3 


The yield point, as indicated by the drop of beam, shall be recorded in the test reports. 

87. In order that the ultimate strength of full-sized annealed eye-bars may meet the 
requirements of paragraph 163, the ultimate strength in test specimens may be determined by 
the manufacturers; all other tests than those for ultimate strength shall conform to the above 
requirements. 

88. Allowable Variations.—If the ultimate strength varies more than 4,000 lb. from that 
desired, a retest shall be made on the same gage, which, to be acceptable, shall be within 5,000 Ib. 
of the desired ultimate. 

89. Chemical Analyses.—Chemical determinations of the percentages of carbon, phosphorus, 
sulphur and manganese shall be made by the manufacturer from a test ingot taken at the 
time of the pouring of each melt of steel, and a correct copy of such analysis shall be furnished 
to the-engineer or his inspector. Check analyses shall be made from finished material, if called 
for by the purchaser, in which case an excess of 25 per cent above the required limits will be 
permitted. 

go. Specimens.—Plate, shape and bar specimens for tensile and bending tests shall be made 
by cutting coupons from the finished product, which shall have both faces rolled and both edges 
milled to the form shown by Fig. 1; or with both edges parallel; or they may be turned to a diameter 
of 3-in. for a length of at least 9 in., with enlarged ends. 

gi. Rivet rods shall be tested as rolled. 

t See paragraph 100. 


* See paragraph 96. t See paragraphs 97, 98, and 99. 
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92. Pinand roller specimens shall be cut from the finished rolled or forged bar, in such manner 
that the center of the specimen shall be one inch from the surface of the bar. The specimen for 
tensile test shall be turned to the form shown by Fig. 2. The specimen for bending test shall be 
one inch by 3-in. in section. 

93. For steel castings the number of tests will depend on the character and importance of 
the castings. Specimens shall be cut cold from coupons molded and cast on some portion of one 
or more castings from each melt or from the sink heads, if the heads are of sufficient size. The 
coupon or sink head, so used, shall be annealed with the casting before it is cut off. Test specimens 
to be of the form prescribed for pins and rollers. =F 


ae 
About 3° 3." Parallel Section, 
1 is? i Not less than oan 


YPHEEte. 4 : 
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94. Specimens of Rolled Steel.—Rolled steel shall be tested in the condition in which it 
comes from the rolls. : 

5. Number of Tests.—At least one tensile and one bending test shall be made from each 
melt of steel as rolled. In case steel differing 3?-in. and more in thickness is rolled from one melt, 
a test shall be made from the thickest and thinnest material rolled. 

96. Modification in Elongation.—A deduction of 1 per cent will be allowed from the specified 
percentage for elongation, for each 4-in. in thickness above j-in. 

97. Bending Tests.—Bending tests may be made by pressure or by blows. Plates, shapes 
and bars less than one inch thick shall bend as called for in paragraph 86. , 

98. Thick Material—Full-sized material for eye-bars and other steel one inch thick and 
over, tested as rolled, shall bend cold 180 degrees around a pin, the diameter of which is equal to 
twice the thickness of the bar, without fracture on the outside of bend. 

99. Bending Angles.—Angles }-in. and less in thickness shall open flat, and angles 3-in. and 
less in thickness shall bend shut, cold, under blows of a hammer, without sign of fracture. This 
test shall be made only when required by the inspector. 

100. Nicked Bends.—Rivet steel, when nicked and bent around a bar of the same diameter 
as the rivet rod, shall give a gradual break and a fine silky uniform fracture. 

101. Finish.—Finished material shall be free from injurious seams, flaws, cracks, defective 
edges or other defects, and have a smooth, uniform and workmanlike finish. Plates 36 in. in 
width and under shall have rolled edges. : 

102. Melt Numbers.—Every finished piece of steel shall have the melt number and the 
name of the manufacturer stamped or rolled upon it. Steel for pins and rollers shall be stamped 
onthe end. Rivet and lattice steel and other small parts may be bundled with the above marks 
on an attached metal tag. 

103. Defective Material—Material which, subsequent to the above tests at the mills, and 
its acceptance there, develops weak spots, brittleness, cracks or other imperfections, or is found 
to have injurious defects, will be rejected at the shop and shall be replaced by the manufacturer at 
his own cost. 

104. Variation in Weight.—A variation in cross-section or weight of each piece of steel of 
more than 23 per cent from that specified will be sufficient cause for rejection, except in case of 
sheared plates, which will be covered by the following permissible variations, which are to apply 
to single plates, when ordered to weight: 

105. Plates 12} lb. per sq. ft. or heavier: 

(a) Up to 100 in. wide, 2} per cent above or below the prescribed weight. 
(b) One hundred inches wide and over, 5 per cent above or below. 
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106. Plates under 12} Ib. per sq. ft.: 
(a) Up to 75 in. wide, 2} per cent above or below. 
(b) Seventy-five inches and up to 100 in. wide, 5 per cent above or 3 per cent below. 
(c) One hundred inches wide and over, 10 per cent above or 3 per cent below. 
107. Plates when ordered to gage will be accepted if they measure not more than 0.01 in. 
below the ordered thickness. 
108. An excess over the nominal weight, corresponding to the dimensions on the order, will 
- be allowed for each plate, if not more than that shown in the following table, one cu. in. of rolled 
steel being assumed to weigh 0.2833 lb.: 


Width of Plate. 
Thickness Nominal 
Ordered. . Weights. 


Up to 75”. 75’ and up to 100” and up to Over 115’, 
100”. 115”. 


-inch 10.20 lb. IO per cent 14 per cent 18 per cent 
“ 12.75 “ “ 12 “ 16 “ 

15.30 13 17 per cent 
17.85 10 13 % 
20.40 12 
22.95 II 
25.50 10 
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109. Cast-Iron.—Except where chilled iron is specified, castings shall be made of tough gray 
iron, with sulphur not over 0.10 percent. They shall be true to pattern, out of wind and free from 
flaws and excessive shrinkage. If tests are demanded, they shall be made on the “Arbitration 
Bar”’ of the American Society for Testing Materials, which is a round bar 1} in. in diameter and 
15in. long. The transverse test shall be made on a supported length of 12 in. with load at middle. 
The minimum breaking load so applied shall be 2,900 lb., with a deflection of at least 7; in. before 
rupture. 

= 110. Wrought-Iron.—Wrought-iron shall be double-rolled, tough, fibrous and uniform in 
character. It shall be thoroughly welded in rolling and be free from surface defects. When tested 
in specimens of the form of Fig. 1, or in full-sized pieces of the same length, it shall show an ultimate 
strength of at least 50,000 lb. per sq. in., an elongation of at least 18 per cent in 8 in., with fracture 
wholly fibrous. Specimens shall bend cold, with the fiber, through 135 degrees, without sign of 
fracture, around a pin the diameter of which is not over twice the thickness of the piece tested. 
When nicked and bent, the fracture shall show at least 90 per cent fibrous. 


VI. INSPECTION AND TESTING AT THE MILLS. 


111. Mill Orders.—The purchaser shall be furnished complete copies of mill orders, and no 
material shall be rolled nor work done before the purchaser has been notified where the orders have 
been placed, so that he may arrange for the inspection. 

112. Facilities for Inspection.—The manufacturer shall furnish all facilities for inspecting 
and testing the weight and quality of all material at the mill where it is manufactured. He shall 
furnish a suitable testing machine for testing the specimens as well as prepare the pieces for the 
machine, free of cost. 

113. Access to Mills.—When an inspector is furnished by the purchaser to inspect material 
at the mills, he shall have full access, at all times, to all parts of mills where material to be inspected 
by him is being manufactured. 


VII. WORKMANSHIP. 


114. General.—All parts forming a structure shall be built in accordance with approved 
drawings. The workmanship and finish shall be equal to the best practice in modern bridge works. 
Material arriving from the mills shall be protected from the weather and shall have clean surfaces 
before being worked in the shops. ; 

115. Straightening.—Material shall be thoroughly straightened in the shop, by methods that 
will not injure it, before being laid off or worked in any way. 

116. Finish.—Shearing and chipping shall be neatly and accurately done and all portions of 
the work exposed to view neatly finished. 

117. Size of Rivets.—The size of rivets, called for on the plans, shall be understood to mean 
the actual size of the cold rivet before heating. 
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118. Rivet Holes.—When general reaming is not required, the diameter of the punch shall 
not be more than jg-in. greater than the diameter of the rivet; nor the diameter of the die more 
than }-in. greater than the diameter of the punch. Material more than #-in. thick shall be 
sub-punched and reamed or drilled from the solid. 

119. Punching.—Punching shall be accurately done. Drifting to enlarge unfair holes will 
not be allowed. If the holes must be enlarged to admit the rivet, they shall be reamed. Poor 
matching of holes will be cause for rejection. 

120. Reaming.—Where sub-punching and reaming are required, the punch used shall have a 
diameter not less than 35-in. smaller than the nominal diameter of the rivet. Holes shall then be 
ses to a diameter not more than 7g-in. larger than the nominal diameter of the rivet. (See 
135. 

121. Reaming after Assembling.*—[When general reaming is required it shall be done after 
the pieces forming one built member are assembled and so firmly bolted together that the surfaces 
shall be in close contact. If necessary to take the pieces apart for shipping and handling, the 
respective pieces reamed together shall be so marked that they may be reassembled in the same 
position in the final setting up. No interchange of reamed parts will be permitted.] 

122. Reaming shall be done with twist drills and without using any lubricant. 
ti 123. The outside burrs on reamed holes shall be removed to the extent of making a #-in. 

et. 

124. Assembling.—Riveted members shall have all parts well pinned up and firmly drawn 
together with bolts, before riveting is commenced. Contact surfaces to be painted. (See 152.) 

125. Lattice Bars.—Lattice bars shall have neatly rounded ends, unless otherwise called for. 

126. Web Stiffeners.—Stiffeners shall fit neatly between flanges of girders. Where tight 
fits are called for, the ends of the stiffeners shall be faced and shall be brought to a true contact 
bearing with the flange angles. 

127. Splice Plate and Fillers.—Web splice plates and fillers under stiffeners shall be cut to 
fit within 4-in. of flange angles. 

128. Web Plates.—Web plates of girders, which have no cover plates, shall be flush with 
the backs of angles or project above the same not more than }-in., unless otherwise called for. 
When web plates are spliced, not more than }-in. clearance between ends of plates will be allowed. 

129. Floorbeams and Stringers.—The main sections of floorbeams and stringers shall be 
milled to exact length after riveting and the connection angles accurately set flush and true to 
the milled ends {for if required by the purchaser the milling shall be done after the connection 
angles are riveted in place, milling to extend over the entire face of the member]. The removal 
of more than #;-in. from the thickness of the connection angles will be cause for rejection. 

130. Riveting.—Rivets shall be uniformly heated to a light cherry red heat in a gas or oil 
furnace so constructed that it can be adjusted to the proper temperature. ‘They shall be driven 
Dy pressure tools wherever possible. Pneumatic hammers shall be used in preference to hand 

riving. 

131. Rivets shall look neat and finished, with heads of approved shape, full and of equal 
size. They shall be central on shank and grip the assembled pieces firmly. Recupping and 
calking will not be allowed. Loose, burned or otherwise defective rivets shall be cut out and 
replaced. In cutting out rivets, great care shall be taken not to injure the adjacent metal. If 
necessary, they shall be drilled out. 

132. Turned Bolts.—Wherever bolts are used in place of rivets which transmit shear, the 
holes shall be reamed parallel and the bolts shall make a driving fit with the threads entirely 
outside of the holes. A washer not less than }-in. thick shall be used under nut. 

133. Members to be Straight.—The several pieces forming one built member shall be straight 
and fit closely together, and finished members shall be free from twists, bends or open joints. 

134. Finish of Joints——Abutting joints shall be cut or dressed true and straight and fitted 
close together, especially where open to view. In compression joints, depending on contact 
bearing, the surfaces shall be truly faced, so as to have even bearings after they are riveted up 
complete and when perfectly aligned. 

135. Field Connections.—Holes for floorbeam and stringer connections shall be sub-punched 
and reamed according to paragraph 120, to a steel templet not less than one inch thick. {If 
required, all other field connections, except those for laterals and sway bracing, shall be assembled 
in the shop and the unfair holes reamed; and when so reamed the pieces shall be match-marked 
before being taken apart.] 

136. Eye-Bars.—Eye-bars shall be straight and true to size, and shall be free from twists, 
folds in the neck or head, or any other defect. Heads shall be made by upsetting, rolling or 
forging. Welding will not be allowed. The form of heads will be determined by the dies in use 


* See Addendum, clause (d). 
t See Addendum, clause (f). 
t See Addendum, clause (e). 
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at the works where the eye-bars are made, if satisfactory to the engineer, but the manufacturer 
shall guarantee the bars to break in the body when tested to rupture. The thickness of head 
and neck shall not vary more than +-in. from that specified. (See 163.) 

137. Boring Eye-Bars.—Before boring, each eye-bar shall be properly annealed and carefully 
straightened. Pin-holes shall be in the center line of bars and in the center of heads. Bars of 
the same length shall be bored so accurately that, when placed together, pins #5-in. smaller in 
diameter than the pin-holes can be passed through the holes at both ends of the bars at the same 
time without forcing. 

138. Pin-Holes.—Pin-holes shall be bored true to gages, smooth and straight; at right angles 
to the axis of the member and parallel to each other, unless otherwise called for. The boring 
shall be done after the member is riveted up. 

139. The distance center to center of pin-holes shall be correct within 3z-in., and the diameter 
of the holes not more than ¢5-in. larger than that of the pin, for pins up to 5-in. diameter, and 4;- 
in. for larger pins. 

140. Pins and Rollers.—Pins and rollers shall be accurately turned to gages and shall be 
straight and smooth and entirely free from flaws. 

141. Screw Threads.—Screw threads shall make tight fits in the nuts and shall be U. S. 
standard, except above the diameter of 12 in., when they shall be made with six threads per inch. 

142. Annealing.—Steel, except in minor details, which has been partially heated, shall be 
properly annealed. 

143. Steel Castings.—Steel castings shall be free from large or injurious blowholes and shall 
be annealed. 

144. Welds.—Welds in steel will not be allowed. 

145. Bed Plates.—Expansion bed plates shall be planed true and smooth. Cast wall plates 
shall be planed top and bottom. The finishing cut of the planing tool shall be fine and correspond 
with the direction of expansion. 

146. Pilot Nuts.—Pilot and driving nuts shall be furnished for each size of pin, in such 
numbers as may be ordered. 

147. Field Rivets.—Field rivets shall be furnished to the amount of 15 per cent plus ten rivets 
in excess of the nominal number required for each size. 

an Shipping Details.—Pins, nuts, bolts, rivets and other small details shall be boxed or 
crated. 

149. Weight.—The scale weight of every piece and box shall be marked on it in plain figures. 

150. Finished Weight.—Payment for pound price contracts shall be by scale weight. No 
allowance over 2 per cent of the total weight of the structure as computed from the plans will be 
allowed for excess weight. 


VIII. SHOP PAINTING. 


*151. Cleaning.—Steel work, before leaving the shop, shall be thoroughly cleaned and given 
one good coating of pure linseed oil, or such paint as may be called for, well worked into all joints 
and open spaces. 

152. Contact Surfaces.—In riveted work, the surfaces coming in contact shall each be painted 
before being riveted together. 

153. Inaccessible Surfaces.—Pieces and parts which are not accessible for painting after 
erection, including tops of stringers, eye-bar heads, ends of posts and chords, etc., shall have an 
additional coat of paint before leaving the shop. 

154. Condition of Surfaces.—Painting shall be done only when the surface of the metal 
is perfectly dry. It shall not be done in wet or freezing weather, unless protected under cover. 

155. Machine-Finished Surfaces.—Machine-finished surfaces shall be coated with white 
lead and tallow before shipment or before being put out into the open air. 


IX. INSPECTION AND TESTING AT THE SHOPS. 


156. Facilities for Inspection.—The manufacturer shall furnish all facilities for inspecting 
and testing the weight and quality of workmanship at the shop where material is manufactured. 
He shall furnish a suitable testing machine for testing full-sized members, if required. 

P 157. Starting Work.—The purchaser shall be notified well in advance of the start of the work 
in the shop, in order that he may have an inspector on hand to inspect material and workmanship. 

158. Access to Shop.—When an inspector is furnished by the purchaser, he shall have full 
ieee at all times, to all parts of the shop where material under his inspection is being manu- 
actured. 

159. Accepting Material.—The inspector shall stamp each piece accepted with a private mark, 
Any piece not so marked may be rejected at any time and at any stage of the work. If the in- 


*See Addendum, clause (b). 
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spector, through an oversight or otherwise, has accepted material or work which is defective or 
contrary to the specifications, this material, no matter in what stage of completion, may be 
rejected by the purchaser. 

160. Shop Plans.—The purchaser shall be furnished complete shop plans. 

161. Shipping Invoices.—Complete copies of shipping invoices shall be furnished to the 
purchaser with each shipment. These shall show the scale weights of individual pieces. 


X. FULL-SIZED TESTS. 


162. Eye-Bar Tests.—Full-sized tests on eye-bars and similar members, to prove the work- 
manship, shall be made at the manufacturer’s expense, and shall be paid for by the purchaser at 
contract price, if the tests are satisfactory. If the tests are not satisfactory, the members repre- 
sented by them will be rejected. 

163. In eye-bar tests, the minimum ultimate strength shall be 55,000 Ib. per sq. in. The 
elongation in 10 ft., including fracture, shall be not less than 15 per cent. Bars shall generally 
break in the body and the fracture shall be silky or fine granular, and the elastic limit as indicated 
by the drop of the mercury shall be recorded. Should a bar break in the head and develop the 
specified elongation, ultimate strength and character of fracture, it shall not be cause for rejection, 
provided not more than one-third of the total number of bars break in the head (see 136). 


ADDENDUM TO GENERAL SPECIFICATIONS FOR STEEL RAILWAY BRIDGES. 


POINTS TO BE SPECIFICALLY DETERMINED BY BUYERS WHEN SOLICITING PROPOSALS FOR STEEL 
RAILWAY BRIDGES. 


When general detail drawings are aot furnished for the use of bidders specific answers should 
be given to questions a, b and c, below. 

Specific answers should also be given to questions d, e and f if the class of work described in 
any of the paragraphs there referred to is desired. If these features are not specifically demanded, 
the unbracketed paragraphs will be construed to define the kind of work desired. 

(a) What class of live load shall be used? (Pars. 7 and 8.) 

(b) Shall linseed oil or paint be used? If paint, what kind? (Par. 151.) 

(c) Shall contractor furnish floor bolts? 

(d) Shall general reaming be done? (Par. 121.) 

(e) Shall field connections be assembled at the shop? (Par. 135.) 

(f) Shall floor connection angles be milled after riveting? (Par. 129.) 


INSTRUCTIONS FOR THE DESIGN OF RAILWAY BRIDGES.* 


The following instructions for the design of the details of railway bridges have been prepared 
by the engineering department of the Chicago, Milwaukee & St. Paul Railway, 1912. 

RIVETS AND RIVET SPACING.—1. For conventional signs, actual sizes of heads and 
lengths of field rivets for various grips, see Fig. 10, Chap. XII, and Table 109, Part IT. 

2. Size.—Rivets for steel bridge work shall usually be } in. diameter, except where limited 
by size of material. In very heavy work, where rivets of long grip are required, such as in the 
drums of draw spans, I in. rivets are preferable. = 

3. Flattened.—Rivet heads are not to be flattened to less than ? in. high. 

4. Countersunk.—Where heads less than # in. high are required, they shall be countersunk. 
The conventional signs for countersunk rivets mean that rivets shall be countersunk and chipped. 
Where chipping is not required, it should be so noted on the drawing. Countersunk rivets skould 
be avoided whenever possible. 

: 5. Clearance of Heads.—In determining clearance the heights of heads should be assumed 
as follows: 


BSB CAC ehh PELVIC EMS asin Sree IS Gen Asia triste tre oss 6. ast96di buataieyous oveacin, oe ale fin. high 
pea AG eT HIT) ALEVE teeters PIII a iets foo abe so icdessh oun wo, aiSiiece hone wie. ae 3 in. high 
Hina aCa so aite PELVCLL yap ta-aiaje ane aencgensveis cpsie ssussele eve. oh tends futinlleness zs in. high 
eaaecla CLENEUUGO Rae LAV Clie eet ie ets oe orsreiai eusoaiogdttastese avcta(Ssoye eure e250 $ in. high 
Conmpenginilc, motel pe Chet ars.<- ohe/stejsieieneres dees Sees ope Stas «se alo. ietous«. 41s sea,s, a0 3 in. high 


6. Spacing.—In spacing rivets the use of fractions smaller than } in. should be avoided. 


Where unavoidable, locate in such a way as to cause the least number of repetitions. 

Locate splices and stiffeners with a view to keeping the rivet spacing as regular as possible. 

7. Stagger and Clearance.—For distances center to center of staggered rivets and clearance 
required for driving, see standards. In special cases where the prescribed clearances are im- 
possible, allow at least 3 in. clearance for 7 in. and 1 in. rivets and 3 in. for 2 in. rivets, from the 
edge of the rivet head to the nearest surface or other obstruction. 

In the connection of cross-frames to girders, and in small lug angles and detail angles, rivets 
must be spaced so that they will not interfere with each other in driving. ’ 

In girder flange angles, the rivets in the “‘flange”’ legs should stagger at least I in. with rivets 
in the ‘‘web’’ legs, but should be staggered uniformly. 

RIVETED CONNECTIONS.—1. Grouping.—Rivets should be grouped to insure that 
the line of applied stress passes as near as possible through the center of the group of rivets which 
resists that stress. Where the eccentricity is marked, the stress on the extreme rivet due to this 
eccentricity shall be computed and when properly combined with the direct stress shall not exceed 
the allowable stress per rivet. 

2. Gusset Plates.—Gusset plates shall have such a thickness as will on any section develop, 
in bending and shear, the full stress which has been transmitted to it by the rivets outside the 
section. 

3. Clearance.—The clearance between chords and web members entering same and other 
similar riveted connections shall be not less than § in. in heavy structures and 7 in. in light 
structures. 

PINS AND PIN PACKING.—1. Pins.—Pins shall be proportioned to carry the reactions 
of the stresses in all the members meeting at a point at unit stresses specified. In computing 
bending moment on pins, assume each load concentrated at its center of bearing. 

2. Pin Packing.—Observe the following rules regarding arrangement of eye-bars and pin 
ates: 
‘i (1) Arrange pin packing so as to reduce bending moment on pin to minimum. 

(2) Leave at least ?; in. clearance between adjacent surfaces. 

(3) Provide an additional clearance in the length of the pin of not less than # in. 

(4) When two or more pin plates are riveted together, allow 3; in. for each plate, in addition 
to its nominal thickness. 

(5) Where hinge plates are used allow } in. clearance between hinge plates and faces of con- 
necting members. 

(6) Adjacent surfaces of eye-bars composing a member shall have a clearance of # in. to 
allow for painting. 

(7) All eye-bars are to lie in planes as nearly as possible parallel to the center line of truss, 
no divergence exceeding one inch in 16 ft. being permitted. 


* Prepared by the engineering department of the Chicago, Milwaukee & St. Paul Ry.; 
Mr. C, EF. Loweth, Chief Engineer, and Mr. J. H. Prior, Office Engineer. 
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(8) Where distance between adjacent surfaces is § in. or more, filler rings shall be provided 
to prevent lateral motion, but the aggregate length of such filler rings shall be 3 in. less than the 
neat length required, after making necessary allowances for packing. 

(9) The neat grip of pins shall be the distance out to out of outside surfaces after making 
allowances for clearance. 

(10) The ordered length of pins between shoulders shall exceed the neat grip by the following 
allowances: 

For pins of 33 in. diam. or less, allow } in. 
For pins of 34 in. diam. to 6 in. diam., allow 3 im 
For pins of 6} in. diam. to 94 in. diam., allow ¢ in. 


GIRDER WEBS.—Width of Web Plates.—On deck girders the web must usually project 
3 in. above the back of the top flange angles, to receive the notches in the track ties, except for 
concrete deck floors where the slabs rest on a top cover plate. In other cases, where no cover 
plates are required, the web must be flush with the top flange angles. At the bottom flange in 
all cases, and at the top flange where cover plates are required, the web may be set back ¢ in. 

Web plates shall not be ordered in widths having a fraction of an inch less than 3 in. 

Thickness.—Web plates should have a minimum thickness of zg in. At web splices { in. 
clearance between ends of web plates shall be allowed. 

Web Splices Location.—Web splices for girders, when required, should preferably be placed 
near the third or quarter points, and never when avoidable at the point of maximum moment. 

Size——Web splices should be of sufficient width to take two lines of rivets through each 
section of the web spliced. When not under floorbeam connection angles, § in. clearance may be 
allowed top and bottom. 

»Moment Splices.—In addition there should be splice plates on the vertical legs of the flange 
angles, designed to splice the portion of the web covered by the flange and where thus spliced, the 
resisting moment on the web may be taken as equivalent to that of % of its gross area considered 
as flange section. 

Where the splice plates on the flange angles are omitted, the rivets in the flange angles for a 
distance of one foot either side of the splice may be considered as part of the group of splicing rivets, 
and account shall be taken of the longitudinal shearing stress on these rivets as well as the stress 
due to the splice. 

Riveting.—The riveting shall, where practicable, be such as to develop the full strength of 
the web, and shall always be such as to develop the actual moment carried by the web at any point; 
this being determined by multiplying the total moment on the section by the ratio of § of the gross 
web section to the total flange area, including this web equivalent. Splices shall also be designed 
to carry the total shear on the section due to the assumed loading. ; 

GIRDER FLANGES.—1. Composition.—At least } of the area of the flange section should 
consist of angles, or else the maximum size of the latter be used, and in no case should the center 
of gravity of the flange come above the flange angles. For location of center of gravity for various 
types of flange and sizes of material, see Table 88, Part II. 

2. Composition of flanges shall preferably be as follows: 

(1) 6’’ X 6’’ angles without cover plates. 

(2) 6’ X 6” angles with 14 in. or 16 in. cover plates. 

(3) 8’’ X 8’’ angles with 17 in. or 18 in. cover plates. 

(4) 8’ X 8’ angles with 2 or 4-6’ X 4’’ angles, without cover plates. (Type A4.) 

Thickness of flanges without cover plates shall not be less than 7’; the width of the outstanding 
leg of the angle. 

3. Net Section.—The riveting in the tension flanges shall be computed according to method 
shown in Tables 109 to 113, Part II. Where the spacing of flange rivets is not known in advance, 
about the following allowances shall be made. In detailing flange riveting, where there is not a 
considerable excess of flange section, endeavor to keep within these allowances: 

(1) Flange angles without cover plates and without lateral bracing connections, each angle— 
one hole out. 

(2) Flange angles without cover plates, but with lateral connections, each angle—1} holes 
out. 

(3) Flange angles with cover plates, each angle—two holes out. 

(4) Cover plates—two holes out. 

4. Cover Plates.—Cover plates shall have the same thickness or shall diminish in thickness 
from the flange angle out. In determining length of cover plates, the curve of maximum moments 
shall be established and plates shall be made 1 ft. longer at each end than the theoretical require- 
ment. ; 

5. Flange Splices.—Flanges shall never be spliced unless it is impossible to get material of 
the required length. Where flange splices occur the following requirements shall be observed: 
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(1) Splices shall always be located at points where there is an excess of flange section. 

(2) No two parts of the flange shall be spliced within 2 ft. of each other. 

(3) Flange angles shall be spliced with a splice angle of equal section riveted to both legs of 
the angle spliced. Where this is impossible, the largest possible splice angle shall be used, and the 
difference made up by a plate riveted to the vertical leg of the opposite angle. 

(4) In splicing cover plates where one or more plates intervene between the splice plate and 
the cover plate which it splices, the requirement of paragraph 57 of the A. R. E. A. Specifications 
for Design shall be.observed. 

(5) Rivets in splice plates and angles shall be located as close together as possible, in order 
that the transfer may take place in a short distance. 

(6) No allowance shall be made for abutting edges of spliced members of the compression 
ange. : 

6. Flange Riveting.—Rivets connecting flange to the web shall be sufficient to resist at any 
point the longitudinal shear combined with any load that is applied directly to the flanges. The 
wheel loads where ties rest directly on the flanges shall be assumed to be distributed over 3 ft. 

The pitch of rivets between flange and web at any section may be computed by the formulas: 

For through girders, p = R- d/S. 


(33) (3), 


= longitudinal spacing of rivets in inches; 

= value of one rivet in bearing or double shear in pounds; 

= distance certter to center of flanges in inches; 

= total maximum shear in pounds at the section, reduced in the ratio of the net area of 
flange angles and plates to the net area of flange plus 4 the gross web section. 

W = one wheel load plus 100 per cent impact. 

7- Maximum Spacing.—Maximum spacing of rivets between flanges and web shall be: 


For deck girders, p = 


p 
R 
d 
S 
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For convenience in shop work, spacing of rivets in top and bottom flanges shall be exactly 
alike where possible. 

8. Rivets in Cover Plates.—Where it is necessary to compute spacing of rivets connecting 
cover plates to flange angles, the following formula may be used: 


p=n-R-d[S X Ala 


where R = value of one rivet in single shear or bearing; 

n = number of rivets on one transverse line through cover plates and flanges; 
a = total area of cover plates at section; 
A = area of entire flange at section; 

Sand d, as in section 6, ‘‘Flange Riveting.” 

The pitch as computed by this formula shall be diminished 15 per cent for every cover plate 
more thanone. Rivets in cover plates shall preferably stagger half way with the rivets in the verti- 
cal legs of the flange angles. The maximum spacing shall be 6 in. 

9. Circular Ends.—For through spans with circular ends, the end angles should be spliced near 
the ends, asthe full length angles cannot be handled in making the bends. 

Rivets through cover plates on circular ends must be spaced close enough to draw the plates 
tight against the angles. The smaller the radius, the closer rivets should be spaced. 

10. Overrun of Angles.—In plate girders whose top flange is composed of four or more angles, 
about I in. should be allowed between the edges of angles to allow for overrun. 

11. Gage in Cover-Plates.—On girders which are similar, but which have webs of different 
thickness, the gage in the angles should be left the same and the gage in the cover plate varied to 
suit the web thickness. 

GIRDER STIFFENERS.—Intermediate Stiffeners.—Intermediate stiffeners, except at con- 
centrated load, may be offset, and shall bear tightly against top and bottom flange. The ordered 
length of offset stiffener angles shall be the finished length plus the thickness of each angle over 
which it is offset. 

Size of Stiffeners.—In general, the minimum size of stiffeners bearings against 6’’ X 6” 


flange angles shall be 5’’ X 33’’ X 2’’, and against 8’’ X 8’’ flange angles shall be 6’’ X 33 


8 . > . 
Field riveted stiffeners at floorbeams of through girders may have } in. clearance at the top. 
Fillers under end stiffeners and under concentrated loads must bear on bottom flange, but may 
have 3 in. clearance at top. 
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Rivets in Stiffeners.—Rivets in stiffener angles may have the maximum spacing, except that: 

(a) Rivets in end stiffeners and stiffeners at concentrated loads shall develop the full computed 
stress in the stiffeners. 

(b) Spacing of rivets in end stiffeners, intermediate stiffeners, and web splices shall be identi- 
cal, except that rivets in any line may be omitted where possible without exceeding the maximum 
specified pitch, in order to minimize shop work of punching. 

Holes for Hand-Hooks.—All stiffeners on deck girders with concrete decks and ballast floors 
should have holes punched in the outstanding legs for inserting hand-hook to support a person 
inspecting bridge. Holes should be }# in. diameter and located 6 in. from top flange on shallow 
girders and 6 ft. from bottom flange on deep girders. Gage line of hole to be 1} in. from outer 
edge of angle. 

STRINGERS AND FLOORBEAMS.—1. Stringers.—Stringers for through girder spans 
may be either I-beams or built girders. Where I-beams are used two stringers shall be placed 
under each rail. Depth of stringers shall depend on available distance from base of rail to ‘‘low 
bridge’; depth shall be preferably 4 to %, but not less than #5, the panel length. 

2. Floorbeams.—Depth of floorbeams shall be such as to allow stringers to be framed readily 
into the web, and not less than § of the distance center to center of girders or trusses. 

3. Stringer Connections.—Stringers shall be riveted to webs of floorbeams with } in. con- 
nection angles. Connection angles are to be faced to provide uniform bearing against webs of 
floorbeams. Make stringers 3; in. short at each end for clearance in erecting. 

4. Floorbeams for Through Girders.—The gusset plates connecting floorbeams to main 
girders shall, wherever possible, extend to the top of the girder and shall have an angle riveted 
along the edge, to form an effective stay for the top flange of the main girder, and they shall also 
form the webs of the end portions of the floorbeams, extending out toward the center as far as the 
clearance line will allow, and being there spliced to the main web. 

‘5. Floorbeams for Truss Bridges.—Floorbeams for truss spans shall preferably be riveted to 
the vertical posts or hangers, extending the connection angle above the top flange where necéssary 
to secure sufficient rivets. When it is necessary to cut away the lower corner of the floorbeam to 
clear the chord, special care shall be taken to so reinforce the web as to carry the end shear into 
the connection angles. 

TRUSS AND TOWER MEMBERS.—1. Top Chord and End-post.—The top chord and 
the inclined end-post shall usually consist of two built channels, with a thin cover plate on top 
and with bottom flanges latticed. The bottom flanges shall be made heavier than the top, in 
order that the gravity axis may come as close as possible to the center line of the webs. 

2. Verticals and Rigid Tension Members.—Intermediate posts shall usually consist of two 
rolled or built channels latticed. Hip verticals and similar members and the two end panels 
of the bottom chords of single track pin-connected trusses shall be rigid, and may consist either 
of two rolled or built channels latticed; or of four angles latticed to form an I-section. 

3. Eye-bars.—Eye-bars shall be used for all bottom chord members and main diagonals that 
do not require to be stiffened in pin-connected trusses. Dimensions of heads shall be according 
to manufacturers shop standard. Length of eye-bars shall be given on the drawings, center to 
center of pin holes, and also back to back of pin holes. 

4. Eccentricity.—The line of applied force must coincide with the gravity axes of built 
members or else the member must be designed for combined direct stress and flexure due to the 
eccentricity of the applied load. ; 

5. Bending Due to Weight.—Bending moment in the top chord and end-post due to weight 


of member may be computed by the approximate formula, ‘ + M-c/I, where P = total direct 


stress in the member; A = gross area of the section of the member; M = bending moment at the 
section of the member in in.-lb.; ¢ = distance to extreme fiber; and J = moment of inertia of the 
section of the member, and the stress from such bending shall be deducted from the average 
compressive stress allowed by the column formula. 2 

6. Bending in End-posts.—In computing stresses in the end-post of through pin-connected 
trusses, due to wind force, where the end-post consists of two built or rolled channels, if the product 
of the wind reaction in the top chord times one-half the distance from the foot of the post to the 
lowest connection of the portal bracing does not exceed the product of the dead load stress in one 
of the channels composing the end-post times the distance center to center of the bearings of the 
channels on the pin, the post may be considered fixed-ended and the point of contra-flexure 
assumed midway between the foot of the post and the lower connection of the portal bracing. 
Otherwise it must be considered pin-connected. The end-posts of riveted through trusses shall 
be considered as fixed-ended columns. 

7. Over-run of Angles.—Where side plates are used on chord sections placed between the 
flange angles, at least } in. clearance should be allowed between the edges of the plate and the 
angles to allow for over-run of angles. 


——— 
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8. Clearance for Riveting.—When flanges of angles and channels of built members are turned 
in, 54 in. opening between edges of angles or channels is required torivet the tie plates and lacing. 

LATERAL AND SWAY BRACING.—1. Minimum Sizes.—The minimum size of angles 
to be used in bracings shall be 33’ X 3’’ X #’’.. Not less than three rivets shall be used in the 
connection. 

2. Effective Section.—Where single angles are used for bracing members without lug angles 
connecting the outstanding leg to the gusset plates, not more than 80 per cent of the net section, if 
in tension, shall be considered as effective. 

Where single angles, used for bracing members, have lug angles connecting their outstanding 
legs to the gusset plates, and where the center of the group of connecting rivets in the gusset 
plates fall close to the gravity line of the angle, in plan, 90 per cent of the net section may be 
considered effective. 

3. Double Diagonal Systems.—In double diagonal systems the shear due to wind force shall 
be considered as carried wholly by one diagonal in tension, but the maximum value of J/r = 120, 
specified for bracing members, shall not be exceeded. In assuming ‘‘r” the connection of di- 
agonals at their intersection may be considered as offering support against deflection in the plane 
of the system, but not against deflection perpendicular thereto. 

4. Bending at Connections.—Connections between bracing members and chords shall be 
designed to avoid as far as possible any bending stress in main truss members. 

5. Allowance for Draw.—For diagonal bracing of one or two angles the following draw 
should be allowed: 


For lengths up to Io ft. No Allowance. 
‘ from 10 to 21 ft. Allow 3 in. 
from 21 to 35 ft. Allow in. 
over 35 ft. Allow 35 in. 


The use of thirty-seconds of an inch should be avoided but the above allowances should not be 
varied by more than qy in. 

LATERAL BRACING.—1. Lateral Bracing.—Lateral bracing shall be in general as follows: 

(t) Deck girders and top flanges of stringers 15 ft. long and over; single diagonal system with 
transverse struts, composed of single angles. Slope of diagonals 45° to 60° with axis of bridge. 

(2) Through girders: Double diagonal system of same panel length as floor system, com- 
posed of single angles; floorbeams to act as the transverse struts of the system. 

(3) Trusses, loaded chord: Double diagonal systems of same panel length as floor systems, 
composed of single angles, or double angles back to back; floorbeams to act as the transverse 
struts of the system. 

(4) Trusses, unloaded chord: Double diagonal systems of same panel length as floor system 
with transverse struts at panel points; all composed of two or four angles laced to form a channel 
or I-section, of depth equal to depth of chords. 

2. Traction Stresses.—The lateral system in the plane of the loaded chord of truss spans and 
of through girder spans shall be effectively riveted to the stringers at intersections, and the diagonal 
shall be designed to transmit the traction for one panel length of track to the panel point; one 
diagonal for each stringer considered acting in tension. 

3. Clipping Angles for Clearance.—The vertical leg of laterals should be clipped at the end 
when there is a possibility that the square corner would interfere in any way with putting in the 
laterals or riveting up. This is to be particularly looked out for at floorbeam connections of 
through girder spans and in top laterals of Type A4 girder spans. 

4. Squaring of Holes in Connections.—Where laterals are riveted to stringers the holes 
should be squared with the stringers, if possible. At the intersection of diagonals, the holes in 
splices with two lines of rivets should be squared with lateral and skewed on the splice plate. 

5. Tie Plates and Lacing Symmetrical.—Where laterals have tie plates or tie plates and lacing 
bars, they should be detailed symmetrically so that the angles will be identical by turning end for end. 

6. Lateral Plates C3 and C4 Spans.—The lateral plates of Type C3 and Type C4 girder 
spans (flanges two angles and cover plates) should not be shop riveted to the girders, as it is 
impossible to put in floorbeam connection angles when this is done. 

TRANSVERSE BRACING.—1. Transverse bracing shall be used as follows: 

(1) At intervals of not more than 15 ft. on deck girder spans. Intermediate frames shall be 
of minimum material. End frames shall be designed to carry to the abutment the total lateral 
forces acting on the top flange. End frames of skew deck girders shall be placed at the end 
of the short girder, and at right angles to same. Top and bottom lateral diagonal braces shall 
be used to stay the end of the long girder. 

(2) As spacers for stringers resting on masonry where end floorbeams cannot be used. These 
frames shall be riveted to girders or truss shoes where practicable. 

(3) As spacers for stringers at all expansion points. 

(4) At end panel of through truss spans, having vertical truss members. These frames 
shall be as deep as clearance will permit. 
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(5) Through truss spans shall have riveted portal braces rigidly connected to the end-posts 
and top chords. They shall be as deep as clearance will allow, and shall be designed to carry to 
the abutment the total wind force acting on the top chord. 

(6) At panel points of deck truss spans, having vertical members. Intermediate frames 
shall be designed to carry 3 the panel concentration of wind and centrifugal force to the bottom 
chord and the end frame shall be designed to carry 3 the total wind and centrifugal force acting 
on the top chord to the abutment. ? : 

Frames for (1), (2) and (3) shall consist of single angle struts, top and bottom and double 
diagonals. Frames for (4) may consist of knee braces attached to the top lateral struts, but pre- 
ferably where clearance permits, of light open webbed girder. Portal frames shall consist of open 
webbed girders, with knee braces connections to inclined posts. Frames for (6) shall consist of 
double diagonals running between floorbeams and lower lateral struts and composed of two angles 
back to back, or of two or four angles laced. 

2. Diaphragms for Twin Deck Spans.—Diaphragms connecting two pairs of twin girders 
are to be omitted on shallow spans. Where the girders exceed 3 ft. 6 in. in depth, diaphragms shall 
be added for rigidity. They shall be connected to girders with field bolts. 

3. End Cross Frames and Diaphragms.—In the design and location of end cross frames and 
diaphragms their shape and position shall be such as to give access to the space between the 
girders for inspection, painting and the placing of anchor bolts. 

REFERENCES.—For the calculation of the stresses in railway bridges and for additional 
details and the details of design, the following books may be consulted: Merriman & Jacoby’s 
“Roofs and Bridges,” Part I, Stresses; Part II, Graphic Statics; Part IIT, Bridge Design; Part IV, 
Higher Structures; Johnson, Bryan and Turneaure’s ‘Framed Structures,’ Part I, Stresses, 
Part II, Statically Indeterminate Structures and Secondary Stresses; Part IIT, Design (in prep- 
aration); Marburg’s ‘‘Framed Structures,’’ Part I, Stresses; Spofford’s “Theory of Structures,” 
stresses in structures; DuBois’s ‘Framed Structures”; Burr and Falk’s “‘ Design and Construction 
of Metallic Bridges”; Skinner’s ‘Details of Bridge Design,” Parts I, II, III; Moore’s ‘Design 


of Plate Girders”; Ketchum’s ‘‘The Design of Highway Bridges,’’ stresses, details and design. 


CHAPTER V. 
RETAINING WALLs. 


Introduction.—A retaining wall is a structure which sustains the lateral pressure of earth or 
some other granular mass which possesses some frictional stability. The pressure of the material 
supported will depend upon the material, the manner of depositing in place, and upon the amount 
of moisture, and will vary from zero to the full hydraulic pressure. If dry clay is loosely deposited 
behind the wall it will exert full pressure, due to this condition. In time the earth may become 
consolidated and cohesion and moisture make a solid clay, which may cause the bank to shrink 
away from the wall and there will be no pressure exerted. On the other hand all cohesion may 
be destroyed by the vibration of moving loads or by saturation, and the maximum theoretical 
pressures may occur. The pressures due to a dry granular mass, a semi-fluid, without cohesion, 
of indefinite extent, the particles held in place by friction on each other, will be considered, The 
effect of cohesion and of limiting the extent of the mass is considered in the author’s ‘The Design 
of Walls, Bins and Grain Elevators.” — 

Nomenclature.—The following nomenclature will be used: 

¢ = the angle of repose of the filling. 
¢’ = the angle of friction of the filling on the back of the wall. 
6 = the angle between the back of the wall and a horizontal line passing through the heel of the 
wall and extending from the back into the fill. 
5 = angle of surcharge, the angle between the surface of the filling and the horizontal; 6 is 
positive when measured above and negative when measured below the horizontal. 
2 = the angle which the resultant earth-pressure makes with a normal to the back of the wall. 
d = the angle between the resultant thrust, P, and a horizontal line. 
h = the vertical height of the wall in feet. 
d = the width of the base of the wall in feet. 
b = the distance from the center of the base to the point where the resultant pressure, E, cuts 
the base. 
P = the resultant earth-pressure per foot of length of wall. 
E = the resultant of the earth-pressure and the weight of the wall. 
w = the weight of the filling per cubic foot. 
W = the total weight of the wall per foot of length of wall. 
fi = the pressure on the foundation due to direct pressure. 
2 = the préssure on the foundation due to bending moments. 
p = the resultant pressure on the foundation due to direct and bending forces. 
y = the depth of foundation below the earth surface. 

Calculation of the Pressure on Retaining Walls.—To fully determine the pressure of the 
filling on a retaining wall it is necessary that the resultant of the pressure be known (a) in amount, 
(5) in line of action, and (c) in point of application. Many theories have been proposed for 
finding the pressure, each differing somewhat as to the assumptions and results. All theories 
for the design of retaining walls that have any theoretical basis come in two classes: (1) the Theory 
of Conjugate Pressures, due to Rankine, and commonly known as Rankine’s Theory, and (2) 
the Theory of the Maximum Wedge, probably first proposed by Coulomb, and commonly known 
as Coulomb’s Theory. Rankine’s Theory determines the thrust in amount, in line of action, and 
in point of application. In Coulomb’s Theory, with the exception of Weyrauch’s solution, the 
line of action and point of application must be assumed, thus leading to numerous solutions of 
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more or less merit. All solutions based on the theory of the wedge assume that the resultant 
thrust is applied at one-third the height for a wall with a level or inclined surcharge, as is given 
by Rankine; but the resultant is assumed as making angles with a normal to the back of the 
wall varying from zero to the angle of repose of the filling. In Rankine’s solution the resultant 
pressure is parallel to the plane of the surcharge for a vertical wall with a level or positive surcharge. 

(1) RANKINE’S THEORY.—In this theory the filling is assumed to consist of an incom- 
pressible, homogeneous, granular mass, without cohesion, the particles are held in position by 
friction on each other; the mass being of indefinite extent, having a plane top surface, resting 
on a homogeneous foundation, and being subjected to its own weight: The principal and conju- 
gate stresses in the mass are calculated, thus leading to the ellipse of stress. In the analysis it 
is proved (a) that the maximum angle between the pressure on any plane and the normal to 
the plane is equal to the angle of internal friction, and (0) that there is no active upward component 
of stress in a granular mass. Both of these laws have been verified by experiments on semi- 
fluids. Rankine deduced algebraic formulas for calculating the resultant pressure on a vertical 
wall with a horizontal surcharge, and on a vertical wall with a surcharge equal to 6, an angle 
equal to or less than the angle of repose. The general case is best solved by constructing the 
ellipse of stress by graphics, or Weyrauch’s algebraic solution may be used. The author has 
extended Rankine’s solution in ‘'The Design of Walls, Bins and Grain Elevators,’’ so that it is 
perfectly general. : 

Rankine’s Formulas.—With a vertical wall and a horizontal surcharge, Fig. 1, the total 
resultant pressure is ; 

P= jw ae (1) 
where w is the weight of the filling in Ib. per cu. ft., # is the depth of the wall in feet, ¢ is the angle 
of repose.of the filling, and P is the resultant pressure on the wall in pounds. The resultant 
pressure, P, will be horizontal. 


4 
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For a vertical wall with surcharge at an angle 4, Fig. 2, the pressure is given by the formula 


cos § — Vcos? 6 — cos 


P = jZw-h*-cos 6 (2) 
cos 6 +~Vcos? 6 — cos? 
Where 4 is equal to ¢, formula (2) becomes 
P = 4w-i* cos¢ (3) 


The resultant pressure, P, is parallel to the inclined top surface for a vertical wall with a level 
or a positive surcharge (many authors have incorrectly assumed that the resultant pressure is 
always parallel to the top surface of the surcharged filling). 

Inclined Retaining Wall.—The pressure on an inclined retaining wall may be calculated by 
means of the ellipse of stress—see the author's “The Design of Walls, Bins and Grain Elevators.” 
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The pressure on an inclined retaining wall may also be calculated by means of the graphic solution 
shown in Fig. 3 if the direction of the thrust be known. From Rankine’s theory we know that 
the resultant pressure on a vertical retaining wall is always parallel to the top surface where the 
surcharge is level or is inclined upwards away from the wall. The pressure on a retaining wall 
inclined away from the filling may then be calculated as follows: 


R---- > ----4 


Fic. 3. PRESSURE ON AN INCLINED RETAINING WALL. 


In Fig. 3 the retaining wall A CDB sustains the pressure of a filling having an angle of repase 
¢, and sloping up away from the top of the wall at an angle 6. Calculate P’ the pressure on the 
plane Z-B by means of formula (2). P’ acts at a point ;£B above B and is parallel to the 
top surface DE. Let the weight of the triangle of filling DBE be G, which acts through the 
center of gravity of the triangle and intersects P’ at point O. Then P2, the resultant of P’ 
and G, will be the resultant pressure at O, and makes an angle z with a normal to the back of the 
wall, and an angle, \ = 6 + z — 90° with the horizontal. 

(2) COULOMB’S THEORY.—In this theory it is assumed that there is a wedge having 
the wall as one side and a plane called the plane of rupture as the other side, which exerts a maxi- 
mum thrust on the wall. The plane of rupture lies between the angle of repose of the filling and 
the back of the wall. It may coincide with the plane of repose. For a wall without surcharge 
(horizontal surface back of the wall) and a vertical wall the plane of rupture bisects the angle 
between the plane of repose and the back of the wall. This theory does not determine the direc- 
tion of the thrust, and leads to many other theories having assumed directions for the resultant 
pressure. F 

Algebraic Method.—In Fig. 4, the wall with a height /, slopes toward the earth, being in- 
clined to the horizontal at an angle 6, and the earth has a surcharge with slope 6, which is not 
greater than ¢, the angle of repose. It is required to find the pressure P against the retaining 
wall, it being assumed that the resultant pressure makes an angle z with the back of the wall. 

It is assumed that the triangular prism of earth above some plane, the trace of which is the 
line A £, will produce the maximum pressure on the wall and on the earth below the plane, and 
that in turn the prism will be supported by the reactions of the wall and the earth. Let OW 
represent the weight of the prism ABE, the length of the prism being assumed equal to unity, 
let OP be the reaction of the wall, and OR be the reaction of the earth below. i 

Now the forces OW, OP, and OR will be concurrent and will be in equilibrium; OP and OR 
will therefore be components of OW. When the prism A BE is just on the point of moving OP 
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k of the wall equal to z (different authorities assume 


values of z from zero to ¢’, the angle of friction of earth on masonry, or ¢, the angle of repose of 
earth); while OR will make an angle with the normal to the plane of rupture AZ equal to ¢. 
Let P represent the pressure OP against the wall, W represent the weight of the prism of earth, 


and w the weight per cu. ft. 


will make an angle with a normal to the bac 
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In the triangle OWR angle WOR = x — 9, and angle ORW =0+¢+2-—*%. Through £ 
draw EN, making the angle AEN =@+¢12—*% with AE. Then the triangle AEN is 
similar to triangle ORW, and a 


oe = ae and P= Wan 
But W equals w-area triangle ABE = 1w-AB-BE:sin (6 — 6), and 
‘ AB- BE- EN : 
P = 4w-sin (0 — 6) aos s (4) 


Now P varies with the angle x, and will have a maximum value for some value of x, which 
may be found by differentiating (4) and placing the result equal to zero. 
Differentiating and substituting in (4) and reducing we have 
sin? (0 — ¢) 
sin? @-sin o+2)( I tS eee ey mh 
S sin (@ + z)-sin (0 — 6) 
4w-h?- K (6) 
which is the general formula for the pressure on a retaining wall. 
Now if 2 in (5) is made equal to ¢’, the angle of repose of earth on the wall, 
sin? (0 — $) 
sin? 9-sin (0 +4") (1 +2 +o) -sin (6 2)! " 
sin (6 + ¢’)-sin (@ — 8) 


which is Cain’s formula (20) in another form. 


P=7wh? 


ll 


P= wh 
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If z in (5) is made equal to 6, and @ made equal to 90°, 


= ft coz gd |. 8 
aug se (¢ + 6)-sin — (8) 
cos 6 (1 + ca ay Ges 


which is Rankine’s formula (2) in another form. 
If z in (5) is made equal to zero, 


Pe aye sin? (9 — ¢) ie 
2 nap o( ae sin (@ — 8) \2 
sin 6-sin (9 — 6) 


which gives the normal pressure on a wail. 
If @ in (9) = 90°, 


P=hwht ore 


SS (10) 
sin ¢:sin (¢ — 6) \2 
( a V cos 6 


If 5 in (10) = 0°, 

cos? f 
(I + sin ¢)?’ 
= 7w-h? tan? (45° — 34) : (11) 
I—sing 
= iw-}? Eesiaé (12) 


P= jw hh 


which is Rankine’s formula (1) for a vertical wall without surcharge. 

Graphic Method.—If the angle z, the angle between the back of the wall and a normal to 
the wall, is known, the resultant pressure on a wall may be calculated by a graphic method, 
Fig. 5, based on the “theory of a wedge of maximum thrust.” The graphic method will be 
described—the proof of the method is given in “The Design of Walls, Bins and Grain Elevators.” 
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In Fig. 5 the retaining wall AB sustains the pressure of the filling with a surcharge’5 and 
an angle of repose ¢. It is required to calculate the resultant pressure P, 

The graphic solution is as follows: Through B in Fig. 5 draw BM making an angle with BF, 
the normal to AD, equal to\ = 9 +2 — go°, the angle that P makes with the horizontal. With 
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diameter AD describe arc ACD. Draw MC normal to AD and with A as a center and a radius 
AC describe arc CN. Then AN =y, AM =} and y = Va-b. Draw EN parallel to BM. 
With NV as a center and radius EN, describe arc ES. Then AE is the trace of the plane of 
rupture, and P = area SEN-w. 

Cain’s Formulas.*—Professor William Cain assumes that the angle z is equal to ¢’, the 


angle of friction of the filling on the back of the wall. By substituting in (5) we have for a 
Vertical Wall With Level Surface, 5 = 0. 


— ay. 72 ( £98 Cy y I 
Mer (: + 1/ cos ¢’ (x3) 
where a 
ie, NES (¢ + ¢/):sin $ 
i cos ¢’ 
If ¢ = ¢’, then n = Y 2 sin ¢, and 
P=3 ‘a I 
eG sin V2) (a4) 
If ¢’ = 0, then 
PS jw-I?-tan® ( 45° -£) : (15) 
Vertical Wall With Surcharge = 6. 
cos¢@ \? 1 
P = wit (24 cos ¢’ (16) 
where 
= 125 (@ + ¢’)-sin (¢ — 4) 
L— 7 
cos ¢’-cos 6 
1f:5:= ©, : : 
P = jw 8 (17) 
If ¢’ = 0, andé = ¢, ‘ 
P= tw-h?-cos? 6 (18) 
Inclined Wall With Horizontal Surface. : 
ag sin (@ — ¢) \2 I s. 
i oe ( (n +1) sin@/ sin (¢’ + 4) ; (19) 
where 
& Ve (¢ + ¢’)-sin 
m=" sin (@’ + 0)-sin@ 
Inclined Wall With Surcharge = 5. 
by oS 2 
P= jw-h? sin @ — 9) : (20) 


(n + 1)-sin 0 sin (¢’ + 6) 
where 


=1 sin (¢ + ¢/)-sin ( — 5) 
~N sin (¢’ + 0)-sin @ — 5) 


Wall With Loaded Filling.—In Fig. 6, the filling is loaded with a uniformly distributed load. 
Calculate fi by dividing the loading per sq. ft. by w. Let h + hy = H. Then the resultant 
pressure for a wall with height H, will be 


P; = 4w- H?- K Gis 
and the resultant pressure for a wall with height Ji, will be 
P; = why? K (22) 


* Professor Rebhann makes the satne assumptions and uses the graphic method of Fig. 5. 
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The pressure on the wall AD will be 
P= a i ‘Ps = $w(H? = hy?) K (23) 
and the point of application is through the center of gravity of ADGE, which makes 


=o HY? +H-hy, — 2h? 
NN 3 H+h (24) 
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Walls With Negative Surcharge.—For the calculation of the pressures on retaining walls with 
negative surcharge, 6 negative, see the author’s “ The Design of Walls, Bins and Grain Elevators,” 
second edition. 

STABILITY OF RETAINING WALLS.—A retaining wall must be stable (1) against 
overturning, (2) against sliding, and (3) against crushing the masonry or the foundation. 

The factor of safety of a retaining wall is the ratio of the weight of a filling having the same 
angle of internal friction that will just cause failure to the actual weight of the filling. For a 
factor of safety of 2 the wall would just be on the point of failure with a filling weighing twice 
that for which the wall is built. 

1. Overturning.—In Fig. 7, let P, represented by OP’, be the resultant pressure of the earth, 
and W, represented by OW, be the weight of the wall acting through its center of gravity. Then 
E, represented by OR, will be the resultant pressure tending to overturn the wall. 

Draw OS through the point A. For this condition the wall will be just on the point of 
overturning, and the factor of safety against overturning will be unity. The factor of safety 


for E = OR will be 
fo = SW/RW (25) 


2. Sliding.—In Fig. 7 construct the angle H1G equal to ¢’, the angle of friction of the masonry 
on the foundation. Now if E passes through 1, and takes the direction OQ, the wall will be on 
the point of sliding, and the factor of safety against sliding, f., will be unity. For E = OR, the 
factor of safety against sliding will be 

fe = OM’/RM (26) 
Retaining walls seldom fail by sliding. 
The factor of safety against sliding is sometimes given as 


F 
fs = tan ¢’. (27) 


where H is the horizontal component of P. Equations (26) and (27) give the same values only 
where the resultant P is horizontal. 

3. Crushing.—In Fig. 7 the load on the foundation will be due to a vertical force F, which 
produces a uniform stress, $: = F/d,over the area of the base, and a bending moment = F:b, 
which produces compression, #2, on the front and tension, #2, on the back of the foundation, 
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The sum of the tensile stresses due to bending must equal the sum of the compressive stresses, 


=1p,d. These stresses act as a couple through the centers of gravity of the stress triangles on 
each side, and the resisting moment is 


M’ = ipr-d-3d = tbred? : (28) 


pays 
6f1 — 
a2 pede 7 aie 
7*® 65 
rk tae P= ip-B= Pll) 


’ 
68 
CpeR+e = Pi/+ ep 
FIG. 7. 
But the resisting movement equals the overturning moment, and 
1p,-d? = F-b, 
and 
6F-b 4 
hana (29) 
The total stress on the foundation then is o 
pb = pi + ps = pilt + 6b/d) (30) 


Now if b = 3d, we will have 
p=2pi, or Oo. 


In order therefore that there be no tension, or that the compression never exceed twice the 
average stress, the resultant should never strike outside the middle third of the base. 

If the resultant strikes outside of the middle third of a wall in which the masonry can take 
no tension, the load will all be taken by compression and can be calculated as follows: 

In Fig. 8 the resultant F will pass through the center of gravity of the stress diagram, and 
will equal the area of the diagram. ; 4 : 

j F = ip-a 

and 


= (31) 


which gives a larger value of than would be given if the masonry could take tension. 

General Principles of Design.—The overturning moment of a masonry retaining wall of 
gravity section depends upon the weight of the filling, the angle of internal friction of the filling, 
the surcharge, and the height and shape of the wall. The resisting moment depends. upon the 
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weight of the masonry, the width of the foundation, and the cross-section of the wall. The most 
economical section for a masonry retaining wall is obtained when the back slopes toward the 
filling. In cold localities, however, this form of section may be displaced by heaving due to the 
action of frost, and it is usual to build retaining walls with a slight batter forwards. The front of 
the wall is usually built with a batter of from 3 in. to! in. in 12in. In order to keep the center 
of gravity of the wall back of the center of the base it is necessary to increase the width of the 
wall at the base by adding a projection to the front side. Where the wall is built on the line 
of a right of way it is sometimes necessary to increase the width of the base by putting the pro- 
jection on the rear side, making an L-shaped wall. The weight of the filling upon the base and 
back of the wall adds to the stability of the wall. Where the wall is built to support an em- 
bankment expensive to excavate, it is often economical to make the wall L-shaped, with ali the 
projection on the front side. 

In calculating the thrust on retaining walls great care must be exercised in selecting the 
proper values of w and ¢, and the conditions of surcharge. It will be seen from the preceding 
discussion that the value of the thrust increases very rapidly as ¢ decreases, and as the surcharge 
increases. Where the wall is to sustain an embankment carrying a railroad track, buildings, 
or other loads, a proper allowance must be made for the surcharge. 

The filling back of the wall should be deposited and tamped in approximately horizontal 
layers, or with layers sloping back from the wall; and a layer of sand, gravel or other porous 
material should be deposited between the filling and the wall, to drain the filling downwards. 
To insure drainage of the filling, drains should be provided back of the wall and on top of the 
footing, and ‘‘weep-holes’’ should be provided near the bottom of the wall at frequent intervals 
to allow the water to pass through the wall. With walls from 15 to 25 ft. high, it is usual to use 
“weepers’” 4 in. in diameter placed from 15 to 20 ft. apart. The ‘‘weepers’’ should be connected 
with a longitudinal drain in front of the wall. The filling in front of the wall should also be 
carefully drained. 

The permissible point at which the resultant thrust may strike the base of the foundation 
will depend upon the material upon which the retaining wall rests. When the foundation is 
solid rock or the wall is on piles driven to a good refusal, the resultant thrust may strike slightly 
outside the middle third with little danger to the stability of the wall. When the retaining wall, 
however, rests ttpon compressible material the resultant thrust should strike at or inside the center 
of the base. Where the resultant thrust strikes outside of the center of the base, any settlement 
of the wall will cause the top to tip forward, causing unsightly cracks and local failure in many 
cases, and total failure where the settlement is excessive. Where extended footings are used it 
may be necessary to use some reinforcing steel to prevent a crack in the footing in line with the 
face of the wall. 

Plain masonry walls should be built in-sections, the length depending upon the height of the 
wall, the foundation and other conditions. 

Under usual conditions the length of the sections should not exceed 40 ft., 30 ft. sections 
being preferable, and in no case should the length of the section exceed about three times the 
height. Separate sections should be held in line and in elevation, either by grooves in the masonry 
or by means of short bars placed at intervals in the ‘cross-section of the wall, fastened rigidly in 
one section and sliding freely in the other. The back of the expansion joints should be water- 
proofed with 3 or 4 layers of burlap and coal tar pitch. The burlap should be about 30 in. wide, 
and the pitch and the burlap should be applied as on tar and gravel roofs. The joints between 
the sections of a retaining wall on the front side should be from 2 to + of an in. in width, and 
should be formed by a V-shaped groove made of sheet steel and fastened to the forms while the 
concrete is being placed. Where there is danger of the water in the filling percolating through 
the wall or in an alkali country, the surface of the back of the wall should be coated with a water- 
proof coating. The most satisfactory waterproof coating known to the author is a coal tar 
paint made by mixing refined coal tar, Portland cement and kerosene in the proportions of 16 
parts refined coal tar, 4 parts of Portland cement and 3 parts of kerosene oil. The Portland 
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cement and kerosene should be mixed thoroughly and the coal tar then added. In cold weather 
the coal tar may be heated and additional kerosene added to take account of the evaporation. 
This paint not only covers the surface but combines with it, so that-two or three coats are some- 
times required. While the surface of the concrete should be dry, coal tar paint will adhere to 
moist or wet concrete. In building retaining walls in sections, the end of the finished section should 
be coated with coal tar paint to prevent the adhesion to the next section. 

For methods of waterproofing masonry, see methods of waterproofing bridge floors in Chap- 
ter IV. 

DESIGN OF RETAINING WALLS.—The design of masonry retaining walls will be 
illustrated by the design of the retaining walls for West Alameda Avenue Subway, taken from 
the author’s ‘‘The Design of Walls, Bins and Grain Elevators,’’ second edition. 

Design of Retaining Walls for West Alameda Avenue Subway, Denver, Colorado.—The 
height of the walls varied from 8 ft. to 29 ft. 3 in., while the foundation soil varied from a compact 
gravel to a mushy clay. The design of the maximum section, which rests on a compact gravel, 
will be given. The concrete was mixed in the proportion of 1 part Portland cement, 3 parts sand 
and 5 parts screened gravel. Crocker and Ketchum, Denver, Colo., were the consulting engineers. 
The wall is shown in Fig. 9 and in Fig. 10. 

The following assumptions were made: Weight of concrete, 150 lb. per cu. ft.; weight of 
filling, w = 100 Ib. per cu: ft.; angle of repose of filling, 13 : 1 (6 = 33° 40’); surcharge, 600 Ib. 
per sq. ft., equivalent to 6 ft. of filling; maximum load on foundation, 6,000 lb. per sq. ft. 

Solution.—After several trials the following dimensions were taken: Width of coping 2 ft. 
6 in., thickness of coping 1 ft. 6 in., batter of face of wall 3 in. in 12 in., batter of back of wall 
3} in. in 12 in., width of base 15 ft. 23 in. (ratio of base to height = 0.52), front projection cf 
base 4 ft., other dimensions as shown in Fig. 9. The calculations were made for a section of the 
wall one foot in length. 

The property back of the wall will probably be used for the storage of coal, etc., and it was 
assumed that the surcharge came even with the back edge of the footing of the wall. The resultant 
pressure of the filling on the plane A—2 was calculated by the graphic method of Fig. 5 and Fig. 6, 
and was found to be P’ = 17,290 lb.. The weight of the filling in the wedge back of the wall is 
W’ = 16,435 lb., acting through the center of gravity of the filling. The resultant of P’ and 
W’ is P = 23,850 lb. = the resultant pressure of the filling on the back of the wall. The weight 
of the masonry is W = 33,144 lb., acting through the center of gravity of the wall, and the re- 
sultant of P and W is E = 52,510 lb. = the resultant pressure of the wall and the filling upon 
the foundation. The vertical component of E is F = 49,580 lb., and cuts the foundation, 6 = 2.1 
ft. from the middle. 

1. Stability Against Overturning.—The line OD in this case is nearly parallel to the line QW 
which brings the point S in Fig. 9 at a great distance from the point W. The factor of safety 
against overturning was calculated on the original drawing and found to be fo > 25. 

2. Stability Against Sliding—The coefficient of friction of the masonry on the footing will 
be assumed to be tan ¢’ = 0.57 and ¢’ = 30°. Through O, Fig. 9, draw OQ, cutting the base of 
wall 5A at 6, and making an angle ¢’ = 30° with a vertical line through 6. Then the factor of 


safety against sliding will be 
fe = QM’'/RM = 2.5 


This is ample as the resistance of the filling in front of the toe will increase the resistance 
against sliding. 

3. Stability Against Crushing—In Fig. 9 the direct pressure will be $1 = 49,580/15.21 
= 3,220 lb. per sq. ft. 

The pressure due to bending will be 
py = + 6F-b/d? = + (6 X 49,580 X 2.1)/231.4 = * 2,700 Ib. per sq. ft., and the maximum 
pressure is 

p = 3,220 + 2,700 = + 5,920 lb. per sq. ft. 
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and the minimum pressure is 
p = 3,220 — 2,700 = + 520 lb. per sq. ft. 


The allowable pressure was 6,000 lb. per sq. ft., so that the pressure is safe for a compact gravel. 
Where the walls were supported on the mushy clay it was necessary to extend the projection of 
the footing on the front side and to bring the resultant F to the center of the wall. 
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Fic. 9. RETAINING WALL, West ALAMEDA AVENUE SUBWAY. 


4. Upward Pressure on Front Projection of Foundation.—Where projections are used on the 
foundations of retaining walls it may be necessary to reinforce the base to prevent the projection 
breaking off in line with the face of the wall, The bending moment of the upward pressure about 
the front face of the wall from Fig. 9 is 

M = (5,920 + 4,120) X 4 X 2.1 X 12 
= 506,000 in-lb. 
The tension on the concrete at the bottom of the footing will be 


© 
f = M-c/I = M-d/2I = (506,000 X 27)/157,464. 


= 88 lb. per sq. in. 


Since the ultimate strength of the concrete in tension is approximately 200 lb. per sq. in., 
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no reinforcing is required. However, }in. 0 bars were placed 18 in. centers and 3 in. from the 
bottom of the foundation. 

Data.—The coefficients of friction of various materials are given in Table I. The angles of 
repose of different materials are given in Table II. The conditions of surface and amount of 
moisture cause wide variations in the coefficients. Additional data for the design of retaining 
walls are given in Tables III to VI. 


TABLE I. 


COEFFICIENTS OF FRICTION. 


Materials. Coefficients. Materials. Coefficients. 


Dry masonry on dry masonry H 3 Masonry on dry clay 0.5 to 0.6 
Masonry on masonry with wet Masonry on moist clay 0.33 


MOFEAE Ss, « -/s, sine teetens SETA IOs Earth on earth 0.25 to 1.0 


0.7 
Concrete blocks 
blocks 0.65 


TABLE II. 
ANGLES OF REPOSE, ¢, FOR MATERIALS. 


Materials. ¢ Materials. ¢ 


Marth, loaniwi: scapcctte tascam 30s Lorne 25° tombe 
Sand, dry. alsietsle Fae ee abe kOe 30° to 40° 
Sand, moist 30° to 45° i 25° to 40° 
Sands Wet oi. an ives trees eter agiscatosg Oo 30° to 45° 


TABLE III. 
ALLOWABLE PRESSURE ON FOUNDATIONS. 


Pressure in Tons per Sq. Ft. 


Soft clay. . I to2 
Ordinary clay and bay sand mixed with clay 2 to3 
Dry sand and clay.. : 3 to4 
Hard clay and firm, coarse e sand Bes 4to6 
Firm, coarse sand and gravel get 6 to 8 
Bedrock y;oan.c& Sine int oc ee ee eames 15 and up. 


TABLE IV. 
ALLOWABLE PRESSURE ON MASONRY. 


Materials. Pressure in Tons per Sq. Ft. 


Common brick, Portland cement mortar........... .+s+e.ceceees 12 
Paving brick, Portland cement mortar.... 15 
Rubble masonry, Portland cement mortar es 12 


Sandstone, first class masonry Hc ‘ 20 
Limestone, first class masonry 25 
Granite, first class masonry 30 
Portland cement concrete, 1- OA iatataia, ai neate- ce Ptewere) cfemed chet eee ere ee 25 
Portland cement concrete, 1-3-6 Fe 0 ich 20 
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TABLE V. : 
WEIGHT, SPECIFIC GRAVITY AND CRUSHING STRENGTH OF MASONRY. 


Weight in Pounds 


> ‘ Crushing Strength in 
per Cubic Foot. Specific Gravity. 


Pounds per Square Inch. 


Materials. 


Le eee oe - 150 2.4 4,000 to 15,000 


5 Bi TE racic ok ns pene eae 160 2.6 6,000 to 20,000 

Sos pt da gae eo neee don J Coo ata ae 180 2.9 19,000 to 33,000 

ME ice tec ccicieneeewereierere nes 165 27 8,000 to 20,000 
KGrramitels ss taste etna, eevee ot cocteedart ti 165 a7 8,000 to 20,000 
Paving brick, Portland cement........ 150 2.4 2,000 to 6,000 
Stone concrete, Portland cement....... 140 to 150 2.2 tO 2.4 2,500 to 4,000 
Cinder concrete, Portland cement...... 112 1.8 1,000 to 2,500 


TABLE VI. 
WEIcaT oF DirFERENT MATERIALS. 


Materials. Wt. per Cu. Ft., Lb. Materials. Wt. per Cu. Ft., Lb. 


Loam, loose 75 to go Sand. sweetie a, caf ihre syste evi a" 110 to 120 


Loam, rammed go to 100 Gravel evarres: sopsarsunne cians a 120 to 135 
Sand, dry go to 110 Soft flowing mud 105 to 120 


For specifications for concrete, plain and reinforced, see Chapter VI. 

EXAMPLES OF RETAINING WALLS.—Details of six masonry retaining walls with a 
gravity section are given in Fig. 10. These retaining walls represent the best practice. Details 
of four reinforced concrete retaining walls are given in Fig. 11. For additional examples see 
the author’s ‘‘The Design of Walls, Bins and Grain Elevators.”’ 

The contents of standard concrete retaining walls, as designed by the Illinois Central Rail- 
road, are given in Fig. 12. 

Concrete Retaining Walls. Methods of Constructing Forms.—Forms for a retaining wall 
may be built in sections, or may be built up each time they are used. The former method is 
much the cheaper, especially for plain concrete walls where the sections between expansion joints 
are of equal length. The forms used on the C. B. & Q. R. R. walls shown in Fig. 13 are shown 
in Fig. 14. The studs, coping and bottom forms for the face, and the back forming are sectional, 
while ordinary sheeting is used between the coping and bottom forms. No attempt was made 
to use sectional forms on the face of the wall, because the sections soon become badly warped, 
making a rough wall. The concrete had a tendency to lift the forms and they were tied to bars 
imbedded in the footings as shown. . The sectional forms were 12 ft. 0 in. long, while the studs 
were spaced 3 ft. 0 in. center to center. 

The forms for the Illinois Central R. R. retaining wall shown in Fig. 10 are shown in Fig. 15. 
The forms were built in sections 54 ft. long. The forms were cross-braced by { in. rods spaced 
7 ft. 84 in. center to center as shown. When the forms were taken down the ends of these rods 
were unscrewed, the main portion of the rod being left in the wall. The forms were made of 
2 in. plank surfaced on the inside. 

The forms used by the Chicago and Northwestern Ry. on track elevation in Chicago are 
shown in Fig. 16. The forms were built in sections 35 ft. long. The 2 in. X 8 in. braces were 
used to hold the sides of the forms apart and were removed as the concrete was put in place. The 
2 in. pipe used to cover the rod bracing was old boiler flues and rejected pipe. 

Ingredients in Concrete.—The proportions of concrete materials should be stated in terms 

- of the volume of the cement. The volume of one barrel or four bags of cement is taken as 3.8 
cu. ft., and the sand and aggregate are measured loose. Concrete mixed one part cement, 2 parts 
sand, and 4 parts stone is commonly called 1: 2:4 concrete. The proportions should be such 
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that there should be more than enough cement paste to fill the voids in the sand, and more than 
enough mortar to fill the voids in the stone. With voids in sand and stone varying from 40 to 45 
per cent, the quantities of the ingredients are closely given by Fuller’s rule, where 


c 
Ss 


number of parts of cement; 
number of parts of sand; 


g = number of parts of gravel or stone. 
Then <3 eee p = number of barrels of Portland cement required for one cu. yd. concrete. 
c 
Rs ae number of cu. yd. sand required for one cu. yd. concrete. 
Pus = S a8 = number of cu. yd. gravel or stone required for one cu. yd. concrete. 
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Fic. 12. CONTENTS OF CONCRETE RETAINING WALLS, ILLINOIS CENTRAL RAILROAD. 


The materials for one cu. yd. of 1 : 2 : 4 concrete will then be: Portland cement 1.57 barrels, 
sand 0.44 cu. yd., gravel or stone 0.88 cu. yd. 

The proportions for plain walls commonly vary from I : 23:5 to 1:3: 6, while the pro- 
portions for reinforced walls vary from 1 : 2: 4 to 1: 23:5. 

Mixing and Placing Concrete——For mixing concrete a batch mixer in which the materials 
can be definitely proportioned and thoroughly mixed is to be preferred. In cold weather the 
concrete materials should be heated by the addition of boiling water to the mixer. To prevent 
scalding the cement the sand, aggregate and hot water should first be placed in the mixer and, 
after giving it several turns to remove the frost, the cement should be added and the mixing 
completed. 

The author uses the following specifications for placing concrete in cold or freezing weather. 
“When the temperature of the air during the time of mixing and placing is below 40° Fah. the 
water used in mixing the concrete shall be heated to such a temperature, that the temperature 
of the concrete when deposited in the forms shall not be less than 60° Fah, Care shall be used 
not to scald the cement.” 

Where the wall is in a cut and the materials can be delivered on the bank, the mixer may be 
installed on the bank above and the concrete wheeled or chuted to place. Concrete should not 
be chuted in freezing weather, In building the West Alameda Avenue Subway retaining walls, 
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Denver, Colo., the gravel and sand were taken from the cut, the concrete was mixed in mixers 
installed at the foot of movable towers, and the concrete was raised in a skip elevator and chuted 
into place. 

On railroad work the mixer may be mounted on a flat car, the materials may be delivered on 
other cars, and the concrete is dumped or chuted directly into place. 
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SPECIFICATIONS FOR CONCRETE RETAINING WALLS.—The following extracts 
have been taken from the specifications prepared by Crocker and Ketchum, Consulting Engineers, 
for the concrete retaining walls for the West Alameda Avenue Subway, Denver, Colo. 


16. MATERIALS. Cement.—The cement shall be furnished by the Companies on board 
cars or in store houses at the site of the work as required. The cement shall be Portland, and 
shall meet the requirements of the Standard Specifications of the American Society for Testing 
Materials. 

17. Concrete Agegregate.—The fine aggregate shall pass a screen with } in. mesh, while the 
coarse aggregate shall all be retained on a screen with } in. mesh and all shall pass a screen with 
3 in. mesh. The sand and gravel shall be obtained from the excavation of the open cet of the 
Subway. The Consulting Engineers reserve the right to change the proportions of sand and 
screened gravel ($34 and §35) from time to time, as may be necessary to secure a dense concrete 
of desired consistency. Payment to the Contractor for the screening will be made on the basis 
of unit price per cubic yard of gravel measured after screening. 

18. Water.—The water used in mixing concrete shall be clean and reasonably clear, free 
from acids and injurious oils, alkalies or vegetable matter. 

19. Lumber.—Lumber for forms shall have a nominal thickness of 2” before surfacing, and 
shall be of a good quality of Douglas fir or Southern long leaf yellow pine. Lumber used for 
forms of face work shall be dressed on one side and both edges to a uniform thickness and width. 
Lumber for backing and other rough work may be unsurfaced and of an inferior grade of the 
kinds above specified. 

20. Reinforcing Steel.—All reinforcing steel shall be plain bars, and shall comply with the 
specifications for structural steel as given in the Standard Specifications of the American Railway 
Engineering Association. 

21. EXCAVATION.—The subway is being excavated by the Companies but the contractor 
shall make all necessary excavations for wall and pedestal footings, and shall furnish all necessary 
sheeting and supports and bracing to hold the forms in place during the construction of the work. 


17 


242 RETAINING WALLS. Cuar. V. 


The cost of the necessary sheeting and supports shall be included in the unit price for excavation. 
The Contractor shall provide all pumps and other equipment incidental to such excavation. 

22. All excavation shall be measured in vertical prisms whose end areas are of sufficient 
size to include the footing courses, and the sheeting surrounding the same. ‘‘ Wet excavation” 
shall include all excavation below the surface of standing water in open pits. 

23. CONCRETE. Machine Mixing.—Machine mixers, preferably of the batch type, shall 
be used except where the volume of concrete to be mixed is not sufficient to warrant their use. 
The requirements are that the product delivered shall be of the specified proportions and con- 
sistency, and thoroughly mixed. 
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24. Mixing by Hand.—When it is necessary to mix by hand the mixing shall be done on water 
tight platforms of sufficient size to accommodate men and materials for the progressive and 
rapid mixing of at least two batches of concrete at the same time. Batches shall not exceed one- 
half yard. The mixing shall be done as follows: The fine aggregate shall be spread evenly upon 
the platform, then the cement upon the fine aggregate and these mixed thoroughly until of an 
even color. Then add the coarse aggregate which, if dry, shall first be thoroughly wet down. 
The mass shall then be turned with shovels until thoroughly mixed and all the aggregate covered 
with mortar, the necessary amount of water being added as the mixing proceeds. 

25. Consistency.—The material shall be mixed wet enough to produce a concrete of such 
consistency that it will flow into the forms and about the metal reinforcement, and which on the 
other hand can be conveyed from the place of mixing to the forms without the separation of the 
coarse aggregate from the mortar. 

26. Retempering.—Retempering mortar or concrete, i. e., remixing with water after it has 
partially set will not be permitted. 
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27. Placing of Conctrete.—Concrete after the addition of water to the mix, shall be handled 
rapidly from the place of mixing to the place of final deposit, and under no circumstances shall 
concrete be used that has partially set before final placing. 

28. The concrete shall be deposited in such amanner as will prevent the separation of the 
ingredients and permit the most thorough compacting. It shall be compacted by working with 
a straight shovel or slicing tool kept moving up and down until all the ingredients have settled 
in their proper place, and the surplus water is forced to the surface. All concrete must be de- 
posited in horizontal layers of uniform thickness throughout. Temporary planking shall be placed 
at ends of partial layers so that the concrete shall not run out toa thin edge. In placing concrete 
it shall not be dropped through a clear space of over 6 ft. vertical. For greater heights a trough 
or other suitable device must be used to deliver the concrete in place, and in depositing each 
batch this trough or other device must first be carefully filled with concrete and then as fast as 
concrete is removed at the bottom it shall be replenished at the top. 

29. The work shall be carried up in alternate sections of approximately 32 ft. in length as 
shown on the plans, and each.section shall be completed without intermission. In no case shall 
work on a section stop within 18 in. of the top. 

30. Before depositing concrete, the forms shall be thoroughly wetted, except in freezing 
weather, and the space to be occupied by the concrete cleared of debris., 

31. Expansion Joints.—Expansion joints shall be provided (sections were approximately 
32 ft. long) as shown on the plans. The wall shall be constructed in alternate sections, the ends 
of the sections being formed by vertical end forms, the section being completed as though it were 
the end of the structure. Before placing the remaining sections the end forms shall be removed 
and the surface of the concrete shall be painted with coal tar paint, composed of sixteen (16) 
parts coal tar, four (4) parts Portland cement and three (3) parts kerosene oil. The expansion 
joints shall be finished on the exposed side by the insertion in the forms of a metal mold that will 
give a groove 3 in. wide, 1 in. deep and shall have a draft of r in. The wall sections shall be 
locked together by means of bars as shown on the plans. 

32. Forms.—Forms shall be substantial and unyielding and built so that the concrete shall 
conform to the design, dimensions and contours, and so constructed as to prevent the leakage of 
mortar. Where corners of the masonry and other projections liable to injury occur, suitable 
moldings shall be placed in the angles of the forms to round or bevel them off. Material once 
used in forms shall be cleaned before being used again. 

33- The forms must not be removed within 36 hours after all the concrete in that section 
has been placed; in freezing weather they must remain until the concrete has had sufficient time 
to become thoroughly set. 

34. Proportioning.—In proportioning concrete, a barrel or 4 sacks of Portland cement shall 
be assumed to contain 3.8 cu. ft., while the sand and gravel shall be measured loose in a measuring 
vessel. The proportions required for concrete are as follows: 

For footings, walls of retaining walls, abutments, and pedestals, one (1) part Portland cement, 
three (3) parts sand and five (5) parts gravel. For bridge seats and copings, one (1) part Portland 
cement, two (2) parts sand and four (4) parts gravel. 

35- The tops of the bridge seats, pedestals, and copings, shall be finished with a smooth 
surface composed of one (1) part Portland cement and two (2) parts sand applied in a layer 1 in. 
thick. This must be put in place with the last course of concrete. 

36. Water-Proofing.—The expansion joints in the retaining walls and abutments shall be 
water-proofed as follows: After the forms have been removed and the concrete is thoroughly 
dried, the back of the wall for a distance of 18 in. on each side of the expansion joints shall be 
mopped with hot refined coal tar pitch. A layer of burlap shall then be placed so as to Gover the 
expansion joints, and the burlap shall be mopped with coal tar pitch. In the same manner two 
additional layers of burlap shall be applied, making a 3-ply water-proofing. 

37. Reinforcing Bars.—Reinforcing bars, where used, shall be placed 3 in. clear from the 
outside surface of the concrete, and shall be placed in the position shown on the plans. Care 
must be taken to insure the coating of the metal with mortar, and a thorough compacting of 
concrete around the bars. All reinforcing bars shall be clean and free from all dirt or grease. 

38. Freezing Weather.—Concrete shall not be mixed or deposited at a freezing temperature, 
unless special precautions are taken to avoid the use of materials containing frost or covered 
with ice, and means are provided to prevent the concrete from freezing. Where the temperature 
of the air during the time of mixing and placing concrete is below 40° Fahr. the water used in 

_ mixing the concrete shall be of such a temperature, that the temperature of the concrete when 
delivered in the forms shall not be lower than 60° Fahr. Special precautions shall be taken not 
to scald the cement. 

39. Placing in Water.—Concrete shall not be deposited under water except on the approval 
of the Consulting Engineers. Where water is encountered without current, but in such quantity 
that it cannot be lowered to the required depth and maintained there, or where such lowering 
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would cause further difficulty, concrete may be deposited through troughs or other device in the 
manner designated above. 

40. Cleaning Up.—Upon the completion of any section of the work the Contractor shall 
remove all debris caused by his operations and leave the work ready for backfilling. 


REFERENCES.—For the design of reinforced concrete retaining walls, examples of plain 
and reinforced concrete retaining walls, details of construction, and the theory of reinforced 
concrete, see the author’s ‘“‘The Design of Walls, Bins and Grain Elevators.” For a discussion of 
the theory of the pressures in granular materials and semi-fluids, see Chapter VIII, Bins, and 
Chapter IX, Grain Elevators; also see the author’s “The Design of Walls, Bins and Grain Ele- 
vators.”’ 


CHAPTER VI. 
BripGE ABUTMENTS AND PIERS. 


Introduction.—An abutment is a structure that supports one end of a bridge span and at the 
same time supports the embankment that carries the track or roadway. An abutment also 
usually protects the embankment from the scour of the stream. 

A pier is a structure that supports the ends of two bridge spans. Piers must be designed 
so as not to interfere with the flow of the stream, and care must be used to prevent undermining 
the pier by the scour of the stream. 

TYPES OF ABUTMENTS.—Masonry abutments may be classified under four heads, 
Fig. 1, (2) straight or ‘“‘stub’’ abutments; (b) wing abutments; (c) U abutments; (d) T abutments. 

(a) The standard straight abutment of the N. Y. C. & H. R. R. R., shown in Fig. 1, is an 
excellent example of an abutment of this type. The earth fill is allowed to flow around the ends 
of the abutment as shown. Straight abutments should not be used where the water will wash 
the fill away. 

(b) A standard wing abutment of the N. Y. C. & H.R. R. R. isshown in Fig. 1. The length 
of the wings is determined by the width of the roadway, the allowable slope of the sides of the 
embankment and the angle of the wings. The angle that the wings make with the face of the 
abutment ordinarily varies from 30 degrees to 45 degrees for standard conditions. For skew 
bridges and for unusual conditions the angle of the wing is variable. 

(c) A standard U abutment of the N. Y. C. & H. R. R. R. is shown in Fig. 1. This is a 
wing abutment with the wings making an angle of 90 degrees with the face of the abutment. 
The wings are tied together by means of old railroad rails as shown. The wing walls run back 
into the fill, which flows down in front of the wings. If the slope is liable to be washed away by 
the scour of the stream the wings should be extended farther into the bank. 

(d) A standard T abutment of the South Bend and Michigan Southern Railway for a skew 
span is shown in Fig. 1. The T abutment is essentially a straight abutment with a stem running 
back into the fill; the stem carries the roadway, supports the abutment, and prevents water from 
finding its way along the back of the abutment. A T abutment may be considered as a U abut- 
ment with the two wings in one. ; 

STABILITY OF BRIDGE ABUTMENTS WITHOUT WINGS.—A bridge abutment 
must be stable (1) against overturning, (2) against sliding, and (3) against crushing the material 
on which the abutment rests, or the masonry in the abutment. The problem of the design of a 
bridge abutment is essentially the same as the design of a retaining wall, for which see Chapter V. 
The method of design will be shown by giving the calculations for a straight concrete abutment 
for West Alameda Avenue Subway, Denver, Colo. 

Design of Concrete Abutment for West Alameda Avenue Subway, Denver, Colorado.—The 
height of the abutment is 21 ft. 6 in. from the bottom of the footing to the top of the bridge seat, 
and 25 ft. of in. to the top of the back wall. The following assumptions were made: Weight of 
concrete, 150 lb. per cu. ft.; weight of filling, w = 100 Ib. per cu. ft.; angle of repose of the filling, 
13 to I (¢ = 33° 42’); surcharge 800 lb. per sq. ft., equivalent to 8 ft. of filling; maximum load 
on foundation 6,000 lb. per sq. ft. 

Solution.—After several trials the dimensions given in Fig. 2 were taken. The stability of 
the abutment was investigated for two conditions: (a) with a full live and dead load on the bridge 
and on the filling, and (6) with no live load on the bridge and no surcharge coming on the filling 
above the wall, it being assumed that a locomotive is approaching the bridge from the right, and 
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has reached the point 2 in (0), Fig. 2. The weight of the girders and the live load was assumed as 
uniformly distributed over a length of the abutment equal to the distance between track centers, 
and one lineal foot of wall was investigated. 

Case (a).—The pressure of the filling on the plane B-2 was calculated as in Chapter V, 
Fig. 9, and is P’ = 14,700 lb., acting through the center of gravity of the trapezoid 2-3-4-B. 
The weight of the filling and surcharge is Wz + Ws = 14,900 lb., which when combined with P’ 
gives the resultant pressure of the filling on the wall = P = 20,900 lb. The pressure P is then 
combined with the weight of the wall, W: = 29,800 lb., and with the dead load and live load 
from the girder = 12,820 lIb., giving the resultant pressure on the foundation, E = 59,400 lb., 
and acting, b = 1.4 ft. from the center of the wall, and F = 57,500 lb. 

1. Stability Against Overturning.—The resultant E is nearly vertical and well within the 
middle third, so that the wall is amply safe against overturning. 
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2. Stability Against Sliding.—Assuming that ¢’ = 30°, then the coefficient of friction will 
be tan ¢’ = 0.57. Using the definition of factor of safety given in equation (27) Chapter V, the 
resistance of the wall against sliding will be 57,500 X 0.57 = 32,765 lb. The sliding force is 
P’ = 14,700 lb., and the factor of safety is 32,765/14,700 = 2.23, which is ample. 

3. Pressure on Foundation.—The pressure on the foundation will be p = F/d + 6F-b/d? 
= + 5,740 and + 1,700 lb. per sq. ft., which is safe. 

4. Upward Pressure on Front Projection of Foundation.—The base will be investigated on 
the plane 7-8 to see that the upward pressure will not break off the front projection of the founda- 
tion. The bending moment of the upward pressure about the front face of the wall in (a), Fig. 2, 
will be 
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M = 34(5,740 + 4,690)4 X 2.1 X 12 
= 525,672 in-lb. 


The tension on the concrete at the bottom of the footing will be 


jae Med _ 525,672 X27 
I 21 157,464 
= 92 lb. per sq. in. 


The footing is safe, but 3 in. O rods were placed 18 in, centers and 3 in. from the bottom of 
the foundation. 

Case (b).—The solution is the same as for (a) except that the live load from the girder = 9,980 
Ib., and the surcharge load 1-2-5~6 = Ws = 6,620 lb. were omitted. The wall is safe for over- 
turning. The factor of safety against sliding is from equation (27) Chapter V, fs = 41,500 
X 0.57/14,700 = 1.6, which is safe. The pressure on the foundation is safe. 

The back wall was placed after the bridge seats were finished. To bond the back wall to 
the abutment, } in. O rods 4 ft. long, spaced 18 in. centers, were placed in two rows 3 in. from 
the back and front face, one-half of the length of the rod being imbedded in the main wall. 

PRINCIPLES OF DESIGN.—To prevent tension on the back side of the footing and to 
make sure that the maximum compression on the front side of the footing shall not be greater 
than twice the average pressure, the resultant of the thrust of the filling, the weight of the masonry, 
the weight of the bridge and the live load must strike within the middle third of the base. Where 
the abutment rests on rock or solid material where settlement will not occur, it will not be serious 
if the resultant strikes a little outside of the middle third, providing the allowable pressure on the 
foundation is not exceeded. When the abutment is on compressible material where settlement 
will take place, the resultant of the pressures should strike at or back of the center of the base, so 
that the abutment will not tip forward in settling. It is standard practice to use piles in the 
foundation for abutments resting on compressible soil. 

For the design of wing walls see the design of Retaining Walls, Chapter V. 

In addition to the requirements for stability abutments should satisfy the following additional 
requirements. 

(a2) The abutment should protect the bank from scour. (b) The abutment should prevent 
the embankment drainage from washing away the bank. (c) The abutment should be easily 
drained. f 

Empirical Design—A common rule is to make the minimum thickness of the main part of 
the abutment not less than 75 the height above any section; and project the footings on each 
side as may be required. Empirical methods of design often give unsatisfactory results and are 
not to be recommended. 

DESIGN OF BRIDGE PIERS.—Bridge piers must be designed (1) for the total vertical 
load due to the dead load of the span and the live load on the span, and the weight of the pier; 
(2) for wind pressure on the pier and the bridge; (3) to withstand floating drift and ice; and (4) 
to take the longitudinal thrust due to stopping a car or train on the bridge, and due to temperature 
when the rollers do not move freely. The wind pressures are calculated as specified in speci- 
fications for bridges, and are assumed to act in the vertical line of the center of the pier; on the 
top chord of the truss; the bottom chord of the truss; 6 or 7 feet above the base of the rail; and at 
the center of gravity of the exposed part of the pier. The total wind moment is then calculated 
about the leeward edge of the base of the pier, and the maximum stresses on the foundation due 
to direct load and wind are calculated in the same manner as the calculation of the pressures of 
abutments. 

The effect of the current of the stream and of floating ice and drift are difficult to calculate. 
The pressure of a flowing stream on an obstruction is given by the formula 


P22 mwas 
2g 
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where P = the total pressure on the surface; m =a constant; w = weight of a cubic foot of 
water; @ = area of wetted surface normal to the current in square feet; v = velocity of current 
in feet per second; and g = acceleration due to gravity = 32.2 feet. The value of m varies with 
the shape and the dimensions of the pier. Weisbach’s Mechanics gives the following data:— 
For a prism three times as long as broad, m = 1.33. For a pier five or six times as long as broad 
and with a cutwater having plane faces and an angle of 30 degrees between the cutwater faces, 
m = 0.48. For a square pier, m = 1.28, and for a circular pier, m = 0.64. 

The maximum pressure due to floating ice will be the crushing strength of the ice, which 
varies from 400 to 800 lb. per sq. in. The principal danger from floating ice and drift is that 
the current of the stream will be deflected downward and will gouge out the material around 
and under the pier and cause failure. To prevent this it is quite common to build piers with a 
““break-water,’’ ‘‘starkwater,”’ ‘‘cutwater,” or nose that will deflect drift and ice, or to put ina 
pile protection on the upstream side of the pier. If the water can get under the pier the buoyancy 
of the water must be considered in calculating the stability of the pier. If there is danger of 
scouring then it is well to deposit large stones and riprap around the base of the pier. 
Batter.—Piers and abutments are seldom battered more than one inch to one foot of vertical 
height, or less than one-half inch to the foot, although high piers are sometimes battered only 
one-fourth inch to one foot. 

ALLOWABLE PRESSURES ON FOUNDATIONS.—The allowable pressures on founda- 
tions depend upon the material, the drainage, the amount of lateral support given by the adjacent 
material, the depth of the foundation, and other conditions, so that it is not possible to give data 
that will be more than an aid to the judgment. If properly designed a moderate settlement of 
some particular structure may do no harm, while a less settlement in another structure may be 
disastrous. Professor I. O. Baker gives the values in Table I in his “‘ Masonry Construction.” 


TABLE I. 
SAFE BEARING POWER.OF Sorts.* 


Safe Bearing Power in Tons per Square Foot. 
Kind of Material. 


Rock Hardest in-thick layers in bed...........000000005 
Rock equal to best ashlar masonry...........000+500+- 
Rock equal to best brick 
Rock equal to poor brick 


Clay in thick beds, always dry 

Clay in thick beds, moderately dry 
Clay soft 

Gravel and coarse sand, well cemented 
Sand compact and well cemented 
Sand clean, dry 

Quicksand, alluvial soils, etc 


Present practice is more nearly given by the values in Table II. Foundations should never 


be placed directly on quicksand. ’ 
TABLE II. 
ALLOWABLE BEARING ON FOUNDATIONS. 


Kind of Material. Tons per Square Foot. 


Soft clay or loam 
Ordinary clay and dry sand mixed with clay 
Dry sand and dry clay 


Hard clay and firm, coarse sand 
Firm, coarse sand and gravel 
Shale rock 

Hard rock 


* Baker’s “ Masonry Construction,” John Wiley & Sons. 
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Mr. E. L. Corthell gives the summary of the pressures on deep foundations in Table III. 


TABLE III. 
AcrtuAL PRESSURES ON DEEP FOUNDATIONS.* 


Actual Pressures which Showed No Settlement. 


Pressure in Tons per Square Foot. 


Material. Number of 
Hxapaplees Maximum. Minimum. Average. 
Pinersand 9) yehitestcle ae 10 5-4 2.25 4.5 
Coarse sand and gravel..... 33 7:75 2.4, 5.1 
Sand and clay... ...2-+---- 10 8.5 2.5 4.9 
Alluvium and silt.......... 7 6.2 1.5 2.9 
EA Ardel ay pec steiner =: 16 8.0 2.0 5.0 
land panies < sai. yee reyare 5 12.0 3.0 8.7 


Hinexsand'spqrrarsis cre s)ster sae == 
(GEisage acciceaopcoaaoas 
Alluvium and silt.........- 
Gand!and! clay ae cesrtci 


WrHMwS 


The data in Table III shows that great care must be used in determining on the allowable 
pressure for any particular foundation, and that safe values for the bearing power of soils should 
only be used as an aid to the judgment of the engineer. 

WATERWAY FOR BRIDGES.—The clear waterway for bridges should be ample; great 
care should be used to prevent floating logs and debris from clogging up the opening. The neces- 
sary waterway depends upon the character and sizeof the runoff area, the slope and size of the stream 
and upon other local conditions. The “Dun Drainage Table,” Table IV, will be of assistance in 
assisting the judgment of the engineer in determining on the proper waterway for any bridge. 

Many formulas have been proposed for determining the waterway of culverts and bridges. 
The formula best known to the author is that proposed by Professor A. N. Talbot. It is 


4 
A=cVM 
where A = area of the required opening in sq. ft.; 
M = area of drainage basin in acres; 
¢ = acoefficient varying with the slope of the ground, slope of the drainage area, character 


of the soil and character of vegetation. 

Professor Talbot gives the following values of c:¢ = 3 to I for steep and rocky ground; 
c¢ = } for rolling agricultural country, subject to floods at times of melting snow, and with the 
length of valley 3 to 4 times its width; c = } to} for districts not affected by accumulated snow 
and where the length of the valley is several times its width. 

PREPARING THE FOUNDATIONS.—The preparation of the site of the abutment or 
pier will depend upon the conditions and character of the material. 

Rock.—Where the water can be excluded, the rock should be cleared of all overlying material 
and disintegrated rock. The surface is then leveled up either by cutting off the projections or 
by depositing a layer of concrete. 

Hard Ground.—The material should be excavated well below the frost and scour line. Where 
the foundations cannot be carried low enough to prevent undermining, piles should be driven at 
about 2} to 3 ft. centers over the foundation. 


*“ Allowable Pressures on Deep Foundations” by E. L. Corthell, John Wiley & Sons. 
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TABLE IV. 
THE Dun DRAINAGE TABLE.* 
Atchison, Topeka & Santa Fe Railway System. 
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The above classification by states is for convenience only, and merely denotes the general characteristics of 


topography and rainfall. 

Column 2 in this table is prepared from observations of streams in Southwest Missouri, Eastern Kansas, 
Western Arkansas and the southeastern portions of the Indian Territory. In all this region steep, rocky slopes 
prevail and the soil absorbs but a small percentage of the rainfalls. It indicates larger waterways than are required 
in Western Kansas and level portions of Missouri, Colorado, New Mexico and Western Texas. 


* American Railway Engineering Association, Vol. 12, p. 484. This report also contains an 
elaborate report on Runoff and Waterways for Culverts. 
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Soft Ground.—The materials should be excavated to a solid stratum or piles spaced about 
2z to 3 ft. centers should be driven over the foundation to a good refusal. The piles should be 
cut off below low water level to carry a timber grillage, or concrete may be deposited around the 
heads of the piles. Where water cannot be excluded it will be necessary to use one of the following 
methods: open caisson, crib, coffer dam, or pneumatic caisson. 

In using an open caisson the masonry is built up or the concrete is deposited in a water tight 
box built of heavy timbers or of reinforced concrete, the caisson being sunk as the pier is built up. 
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The caisson is commonly floated into place and then is sunk on piles which have been sawed off 
to receive it, or on a solid rock foundation. The sides of timber caissons are usually removed 
after the pier is completed. 

Timber cribs are made of squared timbers placed transversely and longitudinally, and bolted 
together so as to form a solid structure with open pockets. The crib is sunk by loading the 
pockets with stone. No timber should be left above the low water mark in open caissons or cribs. 

A coffer dam is usually made by driving two rows of sheet piling around the pier, the space 
between the rows of piling being filled with clay puddle. For small depths a single row of sheet 
piling is often sufficient. Where the depth is too great for one length of sheet piling, additional 
rows are driven inside the first. Steel sheet piling is now much used for difficult foundations. 
Steel sheet piling can be driven through ordinary drift and similar material, is not limited in 
depth, and is practically water tight when used ina single row. It can be drawn and used again. 
It is almost impossible to shut off all the water with a coffer dam, and pumps should be provided. 

Pneumatic caissons should only be used under the direction of experienced engineers and 
will not be considered here. " , 

For details of sinking piers see Jacoby & Davis’ “ Foundations of Bridges and Buildings”, 
McGraw-Hill Book Company. ; 
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EXAMPLES OF RAILWAY BRIDGE ABUTMENTS.—Standard stone masonry abut- 
ments designed by the Baltimore & Ohio Railway are shown in Fig. 3. These abutments are 
to be used for deck and through girder spans. The plans are worked out in detail and give data 
for different conditions. 

Standard designs for a straight abutment and for a wing abutment designed by the N. Y. C. 
& H.R. R. R. are shown in Fig. 4. Data for different conditions are given on the plans. The 
quantity of masonry and of old railroad rails required for the N. Y. C. & H. R. R. R. abutments 
shown in Fig. 4 are given in Fig. 5. The wings are the length required for a flare of 30 degrees and 
a side slope of roadway of 17 to I. 
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The quantity of concrete in single track railway bridge abutments as designed by the Illinois 
Central R. R. are-given in Fig. 6. The quantities in double track abutments may be calculated 
as shown in Fig. 6, 

Cooper’s Standard Abutments —The abutment in (a), Fig. 7, is from Cooper’s ‘General 
Specifications for Foundations and Substructures of Highway and Electric Railway Bridges.” 
The length, J, and the thickness, a, for highway and single track electric railway bridges are as 
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given, and are proportional for intermediate spans. These abutments may be made of either 
first-class stone masonry, or first-class Portland cement concrete. 

For double track electric railway bridges add one foot to the value of a in Fig. 7. The mini- 
mum thickness of the wall at any point is to be 0.4 of the height. The length of the wing walls 
will be determined by local conditions. 
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The abutment without wing walls in (b), Fig. 7, has the same dimensions as the abutment 
with wing walls. The width for single track electric railways may be taken as 14 ft., double 
track 26 ft. The approximate cubical quantities in abutments without wing walls are given in 
Fig. 7. 

RAILWAY BRIDGE PIERS.—Standard piers for railway bridges as designed by the 
N. Y. C. & H.R. R. R. are shown in Fig. 8. Dimensions and data for different spans and heights 
of piers are given on the plans. The quantities of masonry in the standard plans shown in Fig. 8 
are given in Fig. 9, for deck spans and for through spans. 

Quantities of masonry in piers for deck plate girder spans are given in Fig. 10 and for through 
girder and truss spans in Fig. 11. These piers were designed and the estimates were prepared by 
the bridge department of the Illinois Central Railroad. 

Illinois Central Railroad Pier.—Details of a concrete pier designed and built by the Illinois 
Central Railroad are shown in Fig. 12. The pier rests on timber piles spaced as shown. The 
“starkwater” is reinforced with an 8 in. I beam. 

Cooper’s Standard Masonry Piers.—The masonry pier in Fig. 13 is from Cooper’s “General 
Specifications for Substructures of Highway and Electric Railway Bridges.” The length, /, and 
the thickness, a, for highway and single track electric railway bridges are given in Fig. 13. These 
piers may be made of either first-class stone masonry, or first-class Portland cement concrete. 

For double track electric railway bridges add one foot to J, and 6 inches to a. The width, 
w = center to center of trusses, and may ordinarily be taken 14 ft. for single track, and 26 ft. 
for double track through bridges. Where drift and logs are liable to injure the pier the nose 
of the cut-water should be protected with a steel angle or plate. The approximate cubical con- 
tents of the piers are given in Fig. 13. 

STEEL TUBULAR PIERS.—Steel tubular piers are made of steel plates riveted together 
and filled with concrete. Where the piers are founded on soft material, piles are driven in the 
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bottom of the tube, the piles being sawed off below the water line. The piles should extend at 
least two diameters of the tube above the bottom. The tubes are braced transversely by means 
of struts and tension diagonals above high water and by diaphragm bracing below high water. 
Where the piers will be subject to blows from floating drift or logs they should be protected by a 
timber cribwork or other device. ! 
Cooper’s Standards.—The tubular piers in Fig. 14 are from Cooper’s “‘ General Specifications 
for Foundations and Substructures for Highway and Electric Railway Bridges.’ Cooper specifies 
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CoorEer’s STANDARDS. 


a minimum thickness of 2 in. for plates below and } in. above the high water. The minimum size 
of tubular piers are as given in Fig. 14. 
A steel tubular pier with a timber crib protec 


loose rock. 
A steel oblong pier, as designed by Cooper, is given in Fig. 15. The center of the truss is to 

come a/2 + one ft. from the end of the pier. The width a, as specified by Cooper, is given in 

Fig. 15. 

American Bridge Company Standards.—The American Bridge Company’s standard tubular 

piers are shown in Fig. 16. The minimum diameters for a height of 15 feet to carry a single span, 


tion is given in Fig. 14. The crib is filled with 


STEEL TUBULAR PIERS FOR HIGHWAY BRIDGES. 257 


and data on piers, pier beams and pier bracing are given in Fig. 16. In calculating the weight of a 
pier add one foot to the length of each tube. The weight of the concrete in two tubes is given 
in Fig. 16. The concrete is assumed to fill the tube, and the space occupied by piles should be de- 
ducted. The number of piles required for different diameters of tubes is given. The number of 
piles required for large tubes agrees quite closely with Cooper’s Specifications, but the number 
for small tubes is very much less. 

Pier Beams.—The sizes of pier beams required for different panel lengths and clear distance 
between tubes in feet are given in Fig. 16. The pier beam should be assumed as one foot longer 
than the clear distance between the tubes, in calculating the weight of the beams, 
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Pier Bracing.—The pier bracing for piers supporting the ends of two spans are given in 
Fig. 16. If the spans are unequal in length, enter the table with one-half of the algebraic sum 
\ of thespans, For example, for a pier carrying a 75 ft. and a 125 ft. span, enter the diagram with a 
span of 100 ft. Steel tubular piers should never be used for end abutments carrying a fill. 
In calculating the weight of the diagonal bars the length of the bar should be multiplied by 
the weight per foot as obtained from a handbook, and the details for one bar added to the product. 
In calculating the weight of the struts add one foot to the clear length. 
Pier Caps.—Tubular piers may be capped with steel plate caps, may be finished with con- 
crete, or may have a stone pedestal block. The weights given in Fig. 16 do not include the 
~ weights of steel caps. 


Specifications for Steel Tubular Piers for Highway and Electric Railway Bridges.—The 
plates for the tubes shall be not less than } in. thick for tubes up to 30 in. in diameter, not less 
than 55; in. for tubes from 30 to 48 in. in diameter, and not less than j in. for tubes from 48 to 
72 in. in diameter. Where the plates are in contact with the soil the thickness shall be increased 
at least #; in. For 3; in. plate and less use § in. rivets; for 3 in. plate and over use { in. rivets. 

The horizontal seams shall be single lap joints riveted with a pitch of 4 diameters of rivet, 
while the vertical seams shall preferably be butt riveted with single riveting spaced 4 diameters 
ot rivet, up to 48 in. diameter of tubes, and double riveting with 3 in. spacing for tubes of larger 
diameter. 
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Note: Curve shows number of cubic yards 
in one single track pier Girders 7'0" 
to 9/0" cen: tacen- Foundation pres- 
sure=/5 tons per sq: Ft 

For Addtional Width of Pier 
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Fic. 10. QUuANTITIES IN Masonry Piers ror DEcK GIRDERS, ILLINOIS CENTRAL 
RAILROAD. 


X=Number of cube yards in one single track piers : 
=== E=/, Girders or trusses-/50" to 18/0" c- bo Footing Pressure=15 tone/5q-Ft- 
= Reese oF Rail For Additional Width of Pier i= 
X=(Gontents of Single Track Per) te-d 
c-=WNe- of cu-yds- per Fe-of prer d=Additional width- 


SPANS 150'0” OR UNDER | SPANS OVER 150°0” 


4 
ean a edoese 


ats te 200 | wo" | a0" |_w00"| 270"|_300"| #0 
ar, pela tolata late ta la [eater tats la 
Be be. | c [55 | 60 | 80 | 9-0] 720] 35 | 45 165] 71 /0-0| 12-0| 730) 16-0 /70| 21.0 


OF X FOR SPANS 30/0" TO 400'0" IN LENGTH 


30 
aT 8 | Wis ee eo Vee ee 
/2/ S43 
208 \ 744 
3/4 | 364 


| 


a \ j27 | 149 | 27 | 49) 20 | 42 | 138 | 60 | 47 | 169 | 86 180 
744,\ 2/9 | 255) 2/9 | 265 | 22/ | 257 | 224 | 260 | 227 | 265 | ZF 270 
364 | 320 | 370 | 370 | 370 | 322 | 372 | 325 | 375 | 336 | 386 | 340 | 590 
477 | 420 | 480 | 422 | 482 | 424 | 464 
ln eae 7 snig” |. 9 | 3000 7 
3 


7510" | _ 00" meee nal var oe 
ALeLAlLeALet¢l[e [als [als lata la To 
196 \ /84 
3/0 


726 | 26 | 280 | 275 | 324 | 26/ | 306 | 270 | 32/ | 265 | 351 | 2 | 370 

306 | 366 | 320 | 384 | 328 | 400 | 326 \ 404 | 340 | 425 | 570 | 467 | 599 | 516 

430 | 395 | 482 | 420 | $20 | 448 | 550 | 435 | 545 | 453 | 570 | 480 | 632 SIR \ 673 
590 \ 50! | 60! \ 548 | 648 | $76 | 703 | 550 | 710 | 576 | 726 | 608 | 793 | 645 | 852 


Nate :- Piers Far all spans, 2000" a more in CONTENTS OF 
length are designed far File Foundations SINGLE TRACK, THROUGH SPAN PIERS 


3/4 
4/0 \ 470 | 4/0 | 470 | 45 | 47 | 4/5 | 477 | 47 


BWyw 
Sue 


Fic. 11, QUANTITIES IN Masonry Prers FoR THROUGH SPANS, ILLINOIS CENTRAL 
RAILROAD. 


The bracing of piers shall be designed to take all the wind forces specified to come on the 
bridge. Diaphragm webs are to be used up to well above high water for piers located in the 
stream or where floating materials may find lodgment. Oblong piers shall be braced against 
Beds. and outside pressure. Piers exposed to injury from floating logs and drift shall be pro- 
tected. 

The tubes should be painted inside and out with two coats of red lead and linseed oil, or 
other prescribed paint. , 
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The materials and workmanship shall comply with the specifications for the highway bridge 
superstructure. 

Erection.—Where the bottom will permit, the tubes shall be sunk well below possible scour 
by loading the tube and excavating the material from the inside. For this purpose a clamshell 
bucket is very effective. Driving the tube with a pile driver will cut off the rivets in the horizontal 
seams and will not be permitted. After the tube is sunk, piles are to be driven inside of the 
steel shell, as closely together as possible, using care to get no pile nearer than 4 to 6 in. to the 
steel shell. The piles shall be driven to a good refusal, and the tops sawed off below the low 
water mark and reaching at least 2 diameters of the tube above the bottom. The space inside the 
tubes shall then be filled with concrete well tamped. Concrete should not be deposited in running 
water if possible to prevent it. 
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Where piers are founded on rock, the tubes are to be anchored to the rock and then filled 
with concrete. Or cribs may be sunk on the rock and the tube set in a pocket in the crib and 
resting on the rock.. The space outside the tube is then filled with concrete and the tube is filled 
with concrete in the usual manner. 

Cylinder Piers for Highway Bridge, Trail, B. C.*—Steel cylinder piers were used for a steel 
highway bridge designed by Waddell and Harrington, Consulting Engineers, and built across 
the Columbia River at Trail, B. C. The main spans are 172 ft. 8 in. long and are carried on 
piers made of two steel cylinders filled with concrete. The steel cylinders are 9 ft. in diameter 
at the bottom and 6 ft. in diameter at the top, and are 86 ft. long. The cylinders are made of 


*Engineering News, Dec. 5, 1912. 
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DIMENSIONS FOR MASONRY 

PIER FOR HIGHWAY AND 

SINGLE TRACK ELECTRIC 
RAILWAY BRIDGES 


_\Distance\ Span \ Length 
a \Feeé|\ 2 


W=Center fo center oF 
trusses =/40" for single track ye--------- ipcecto8 > 
and £60" For double track: 

HIGHWAY PIERS 
for double track Electrie 
Railway bridges add le” 
0 @.and 6" toa: 


APPROXIMATE CONTENTS IN CUBIC YARDS OF ONE MASONRY PIER: 


Depth of Pier From Top of Coping 
to Bottom of Footing in Feeé- 


pe Roadway 


/2 Feet 29 44 60 77 94 
100 20 Feet 38 59 82 108 (36 
E, Single T- 3/ 46 62 80 /00 
E, Double T- 50 75 102 /32 166 
; /2 Feet 34 5/ 70 590 {II 
150. | 20 Feet 46 70 95 125 157 
E, Single T- 37 54 74 96 120 
E, Double T 58 86 W8 153 191 
/2 Feet 39 58 80 103 128 
200 | 20 feet 53 80 109 /43 178 
E, Single T: 43 63 86 W2 /40 
E, Double T+ 66 99 [35 [74 2/7 
/2 Feet 44 66 90 N6 /45 
p50..| 20 Feet 6/ of 123 160 199 
E, Single T 48 7a IB 127 159 
E, Double T- 73 109 149 /92 238 
l2 Feeé. 
“ds 20 Feet 
300 | £ Single T- 
£, Double T- 


Fic. 13. Masonry Piers ror ELEctRic RAILWAY AND HicHwAay BRIDGEs. 
Coorer’s STANDARDS. 
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plates } in. thick and are connected by a double plate web diaphragm, each diaphragm made 
of ;5; in. plates spaced 24 in. apart and 25 ft. high, and reaching from below low water to above 
high water. The diaphragms were covered and filled with concrete. The cylinders are spaced 


21 ft. centers. The piers were sunk by the pneumatic process. 
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(b) Cr1B CONSTRUCTION FOR 


(3) STEEL TUBULAR PIERS 
STEFL TUBULAR PIERS 


MINIMUM SIZES OF STEEL TUBULAR PIERS, COOPER’S STANDARDS 
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Fic. 14. STEEL TUBULAR Piers FoR ELECTRIC RAILWAY AND HicHway BRIDGES. 
Cooper's STANDARDS. 


STEEL CYLINDER PIERS FOR RAILWAY BRIDGES.—Steel cylinder piers have been 
used for the foundations of several important bridges, Table V, by the Chicago and Northwestern 
Railway. Mr. W.H Finley, Asst. Chief Engineer, gives the following advantages of steel cylinder 


piers over masonry piers.* 


(1) “Where it is desired to provide for future second track, cylinder foundations will cost 


very little more for double track than for single track. 


* Engineering News, Oct. 24, 1912. 
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(2) ‘Cylinder piers can be constructed under traffic with less trouble than any other type. 
(3) ‘Cylinder piers permit of rapid sinking by open dredging where the material is favorable 
and sunken logs are not liable to be encountered. Air pressure can be applied readily and cheaply 


if it becomes necessary.’’ 

Details of the cylinder piers for the Oxford Mill Pond bridge are shown in Fig. 17, and details 
of the steel shells for the base of the piers are shown in Fig. 18. The bridge is 481 feet long and 
consists of 30 ft, and 60 ft. spans resting on piers made of two steel cylinders and a steel shell for 


the base, filled with concrete. 


Honimum SIZES OF STEEL OBLONG PIERS 
COOPER’S STANDARDS 


Highway and Double Track 
Single Track \ Flectrie 
Electric Railway\ Railway 


OBLONG STEEL PIERS 
Fic. 15. STEEL OBLONG Piers For ELECTRIC RatLway AND HicHway BRIDGES. 
CoopErR’s STANDARDS. 
TABLE V. 
DaTA ON SEVERAL STEEL CYLINDER PIERS USED BY THE CuHIcaAGo AND NORTHWESTERN 
RAILWAY. 


Steel Cylinder Piers. Steel ‘Caisson Piers. 


Number of sy pies 
Cylinders 
in Pier. 


Thickness of 
Metal, In 
Height of 

Pier, Ft. 
No. of Piles 
in One 
Cylinder. 
Width, Ft. 
Thickness of 
Metal, In, 
Height of 
Caisson, Ft. 
No. of Piles. 


Boone Viaduct...... ..-- 4 (Tower) 
Lake Butte Des Morts Via- 6 
GUCESe wae sis ries ehctesis 


Buffalo Lake Wiaducts os 2 


Oxford Mill Pond Viaduct. . 


Pekin Bridge...s.-+c00 04% 
Pekin Bridge... ..0ss0+22- 
Pekin Bridge.........+-> 


ole olor 


leo 


+ 
|e2.00\6900)/69 ale 


* Rests on Sandstone. { Hard Clay. ¢ Rests on Hard Shale. 
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CYLINDER PIERS 
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Fic. 16, Sree, Tuputar Piers ror Highway BrRiDGEs, 
AMERICAN BRIDGE COMPANY. 


Increase diameter 3" For each additional § Feet in height: 


STFEL TUBULAR PIERS 
AMERICAN BRIDGE COMPANY STANDARDS 
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Fic. 17. _ STEEL TUBULAR PiERSs, OxrorD Mit_ Ponp Bripce, Cuicaco & 
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MASONRY AND CONCRETE DEFINITIONS AND SPECIFICATIONS . 


CLASSIFICATION OF MASONRY.* 


Dressing. 
Bete Manner of 
Description. Work. 


Joints or Beds. Face or Surface. 


Smooth 
Rock-faced 


Coursed 
Ashlar....| 4 Broken- Fine pointed ee ced 
coursed Rough pointed 


Dimension Coursed 


Bridge and Retaining 


pee Uncoursed or ee Rock-faced 
einforced 
| Plain 


| Rubble 
Smooth 


Smooth 
f Ashlar Coursed...|\ Fine pointed { Rock-faced 


Rubble Uncoursed Bone eginee Rock-faced 


Conceaten Reinforced 


English 
Bond 
Flemish 
Bond 


Brick 


Stone..... Dry Uncoursed ape Rock-faced 
Reinforced 

Concrete. .| } Plain 
Rubble 

Stone Rubble Uncoursed 


Culvertico2. ete sce 


DEFINITIONS. * 


Masonry, Bridge and Retaining Wall.—Masonry of stone or concrete, designed to carry 
the end of a bridge span or to retain the abutting earth, or both. 

Masonry, Arch.—That portion of the masonry in the arch ring only, or between the intrados 
and the extrados. : 

Masonry, Culvert.—Flat-top masonry structure of stone or concrete, designed to sustain the 
fill above and to permit the free passage of water. 

Masonry, Dry.—Masonry in which stones are built up without the use of mortar. 


CONCRETE. 


Concrete.—A compact mass of broken stone, gravel or other suitable material assembled 
together with cement mortar and allowed to harden. 

Reinforced Concrete.—Concrete which has been reinforced by means of metal in some form, 
so as to develop the compressive strength of the concrete. 

Rubble Concrete.—Concrete in which rubble stone are imbedded. 


BRICK. 
Brick.—No. 1.—Hard burned brick, absorption not exceeding 2 per cent by weight. 


CEMENT. 


Cement.—A material of one of the three classes, Portland, Natural and Puzzolan, possessing 
the property of hardening into a solid mass when mixed with water. 


* Adopted by Am. Ry. Eng. Assoc., Vol. 7, 1906, pp. 596-601, 619; Vol. 12, I9II. 
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Portland Cement.—This term shall be applied to the finely pulverized product resulting 
from the calcination to incipient fusion of an intimate mixture of properly proportioned argil- 
laceous and calcareous materials, and to which no addition greater than 3 per cent has been made 
subsequent to calcination. 

Natural Cement.—This term shall be applied to the finely pulverized product resulting from 
eon of an argillaceous limestone at a temperature only sufficient to drivé off the carbonic 
acid gas. 

Puzzolan Cement, as Made in North America.—An intimate mixture obtained by finely 
pulverizing together granulated basic blast furnace slag and slacked lime. 


CouRSES AND Bonpb. 


Coursed.—Laid with continuous bed joints.- 

Broken Coursed.—Laid with parallel, but not continuous, bed joints. 

Uncoursed.—Laid without regard to courses. 

English Bond.—That disposition of bricks in a structure in which each course is composed 
entirely of headers or of stretchers. 

Flemish Bond.—That disposition of bricks in a structure in which the headers and stretchers 
alternate in each course, the header being so placed that the outer end lies on the middle of a 
stretcher in the course below. 


DRESSING. 


Dressing.—The finish given to the surface of stones or to concrete. 
: po ane surface, the variations of which do not exceed one-sixteenth inch from the 

pitch line. 

Fine Pointed.—Having irregular surface, the variations of which do not exceed one-quarter 
inch from the pitch line. 

Rough Pointed.—Having irregular surface, the variations of which do not exceed one-half 
inch from the pitch line. 

Scabbled.—Having irregular surface, the variations of which do not exceed three-quarters 
inch from the pitch line. 

Rock-Faced.—Presenting irregular projecting face, without indications of tool mark. 


DESCRIPTIVE WORDS. 


Abutment.—A supporting wall carrying the end of a bridge or span and sustaining the pressure 

of the abutting earth. The abutment of an arch is commonly called a bench wall. 
: Arris.—The external edge formed by two surfaces, whether plain or curved, meeting each 

other. 

Ashlar.—A squared or cut block of stone with rectangular dimensions. 

Backing.—That portion of a masonry wall or structure built in the rear of the face. It must 
be attached to the face and bonded with it. It is usually of a cheaper grade of work than the face. 

Batter.—The slope or inclination of the face or back of a wall from a vertical line. 

Bed.—The top and bottom of a stone. (See Course Bed; Natural Bed; Foundation Bed.) 

Bed Joint.—A horizontal joint, or one perpendicular to the line of pressure. 

Bench Wall.—The abutment from which an arch springs. 

Bond.—The mechanical disposition of stone, brick or other building blocks by overlapping 
to break joints. 

Build.—A vertical joint. 

Centering.—A temporary support used in arch construction. (Also called centers.) 

Clamp.—An instrument for lifting stone so designed that its grip on the surface of the stone 
is increased as the load is applied. That portion engaging the stone is of wood attached to a steel 
shoe, which in turn is hinged to the shank of the clamp in such a manner as to adjust itself to the 
surface of the body lifted. : 

Coping.—A top course of stone or concrete, generally slightly projecting, to shelter the masonry 
from the weather, or to distribute the pressure from exterior loading. 

Course.—Each separate layer in stone, concrete or brick masonry. : é 

Course Bed.—Stone, brick or other building material in position, upon which other material 
is to be laid. 

Cramps.—Bars of iron having the ends turned at right angles to the body of the bar which 
enter holes in the upper side of adjacent stones. 

Culvert.—A small covered passage for water under a roadway or embankment. 

Dimension Stone.—(1) A block of stone cut to specified dimensions. 

Dimension Stone.—(2) Large blocks of stone quarried to be cut to specified dimensions. 
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Dowels.—(a) Straight bars of iron which enter a hole in the upper side of one stone and also 
a hole in the lower side of the stone next above. 

Dowel.—(b) A two-piece steel instrument used in lifting stone. The dowel engages the 
stone by means of two holes drilled into the stone at an angle of about 45 degrees pointing toward 
each other. The dowel is not keyed in place. 

Draft.—A line on the surface of a stone cut to the breadth of the chisel. 

Expansion Joint.—A vertical joint or space to allow for temperature changes. 

Extrados.—The upper or convex surface of an arch. 

Intrados.—The inner or narrow concave surface of an arch. 

Face.—The exposed surface in elevation. 

‘ Facing.—In concrete: (1) A rich mortar placed on the exposed surfaces to make a smooth 
nish. 

(2) Shovel facing by working the mortar of concrete to the face. 

Final Set.—A stage of the process of setting marked by certain hardness. (See Cement 
Specifications.) 

Flush.—(Adj.) Having the surface even or level with an adjacent surface. 

Flush.—(Verb.) (1) To fill. (2) To bring to a level. (3) To force water to the surface 
of mortar or concrete by compacting or ramming. 

Footing.—A projecting bottom course. 

Form.—A temporary structure for giving concrete a desired shape. 

Foundation.—(1) That portion of a structure usually below the surface of the ground, which 
distributes the pressure upon its support. (2) Also applied to the natural support itself; rock, 
clay, etc. 

Z Foundation Bed.—The surface on which a structure rests. 

Grout.—A mortar of liquid consistency which can easily be poured. 

Header.—A stone which has its greatest length at right angles to the face of the wall, and 
which bonds the face stones to the backing. 

Initial Set.—An early stage of the process of setting, marked by certain hardness. (See 
Cement Specifications.) pi 

Joint:—The narrow space between adjacent stones, bricks or other building blocks, usually 
filled with mortar. 

Lagging.—Strips used to carry and distribute the weight of an arch to the ribs or centering 
during its construction. 

Lewis.—A four-piece steel instrument used in lifting stone. (The lewis engages the stone 
by means of a triangular-shaped hole into which it is keyed.) 

Lock.—Any special device or method of construction used to secure a bond in the work. 

Mortar.—A mixture of fine aggregate, cement or lime and water used to bind together the 
materials of concrete, stone or brick in masonry or to cover the surface of the same, , 

Natural Bed.—The surfaces of a stone parallel to its stratification. 

Parapet.—A wall or barrier on the edge of an elevated structure for protection or ornament. 

Paving.—Regularly placed stone or brick forming a floor. 

Pier.—An intermediate support for arches or other spans. 

Pitch.—(Verb.) To square a stone. 

Pitched.—Having the arris clearly defined by a line beyond which the rock is cut away by 
the pitching chisel so as to make approximately true edges. 

Pointing. —Filling joints or defects in the face of a masonry structure. 

Retaining Wall.—A wall for sustaining the pressure of earth or filling deposited behind it. 

s Voussoirs.—The individual stones forming an arch. They are always of truncated wedge 
orm. 

Ring Stones.—The end youssoirs of an arch. 

Ruprap.—Rough stone of various sizes placed compactly or irregularly to prevent scour by 
water. 

Rubble.—Field stone or rough stone as it comes from the quarry. When it is of a large or 
massive size it is termed block rubble. . 

Rubbed.—A fine finish made by rubbing with grit or sand stone. 

Set.—(Noun) The change from a plastic to a solid or hard state. 

Slope Wall.—A wall to protect the slope of an embankment or cut. 

Soffit—The under side of a projection. ; 

Spall_—(Noun). A chip or small piece of stone broken from a large block. 

Spandrel Wall.—The wall at the end of an arch above the springing line and extrados of the 
arch and below the coping or the string course. 

Stretcher.—A stone which has its greatest length parallel to the face of the wall. 

Wing Wall.—An extension of an abutment wall to retain the adjacent earth. 


SPECIFICATIONS FOR STONE MASONRY.* 


GENERAL. 


1. Standard Specifications.—The classification of masonry and the requirements for cement 
and concrete shall be those adopted by the American Railway Engineering Association. 

2. Engineer Defined.—Where the term “Engineer” is used in these specifications, it refers 
to the engineer actually in charge of the work. 


GENERAL REQUIREMENTS. 


3. Stone.—Stone shall be of the kinds designated and shall be hard and durable, of approved 
quality and shape, free from seams, or other imperfections. Unseasoned stone shall not be used 
where liable to injury by frost. 

4. Dressing.—Dressing shall be the best of the kind specified. 

5. Beds and joints or builds shall be square with each other, and dressed true and out of 
wind. Hollow beds shall not be permitted. 

6. Stone shall be dressed for laying on the natural bed. In all cases the bed shall not be 
less than the rise. 

7. Marginal drafts shall be neat and accurate. 

8. Pitching shall be done to true lines and exact batter. 

g. Mortar.—Mortar shall be mixed in a suitable box, or in a machine mixer, preferably of 
the batch type, and shall be kept free from foreign matter. The size of the batch and the pro- 
portions and the consistency shall be as directed by the engineer. When mixed by hand the sand 
and cement shall be mixed dry, the requisite amount of water then added and the mixing continued 
until the cement is uniformly distributed and the mass is uniform in color and homogeneous. 

10. Laying.—The arrangement of courses and bond shall be as indicated on the drawings, or 
as directed by the engineer. Stone shall be laid to exact lines and levels, to give the required bond 
and thickness of mortar in beds and joints. 

11. Stone shall be cleansed and dampened before laying. ; 

12. Stone shall be well bonded, laid on its natural bed and solidly settled into place in a full 
bed of mortar. ' 

13. Stone shall not be dropped or slid over the wall, but shall be placed without jarring stone 
already laid. 

14. Heavy hammering shall not be allowed on the wall after a course is laid. 

15. Stone becoming loose after the mortar is set shall be relaid with fresh mortar. 

16. Stone shall not be laid in freezing weather, unless directed by the engineer. If laid, 
it shall be freed from ice, snow or frost by warming; the sand and water used in the mortar shall 
be heated. - 

17. With precaution, a brine may be substituted for the heating of the mortar. The brine 
shall consist of one pound of salt to eighteen gallons of water, when the temperature is 32 degrees 
Fahrenheit; for every degree of temperature below 32 degrees Fahrenheit, one ounce of salt shall 
be added. 

18. Pointing.—Before the mortar has set in beds and joints, it shall be removed to a depth of 
not less than one (1) in. Pointing shall not be done until the wall is complete and mortar set; 
nor when frost is in the stone. 

19. Mortar for pointing shall consist of equal parts of sand, sieved to meet the requirements, 
and Portland cement. In pointing, the joints shall be wet, and filled with mortar, pounded in 
with a “‘set-in” or calking tool and finished with a beading tool the width of a joint, used with a 
straight-edge. 


BRIDGE AND RETAINING WALL MASONRY—ASHLAR STONE. 


20. Bridge and Retaining Wall Masonry. Ashlar Stone.—The stone shall be large and 
well proportioned. Courses shall not be less than fourteen (14) in. or more than thirty (30) in. 
thick, thickness of courses to diminish regularly from bottom to top. 

21. Dressing.—Beds and joints or builds of face stone shall be fine-pointed, so that the 
mortar layer should not be more than one-half (4) in. thick when the stone is laid. 

22. Joints in face stone shall be full to the square for a depth equal to at least one-half the 
height of the course, but in no case less than twelve (12) in. 


* Adopted by American Railway Engineering Association. 
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23. Face or Surface.—Exposed surfaces of the face stone shall be rock-faced, and edges pitched 
to the ee lines and exact batter; the face shall not project more than three (3) in. beyond the 
pitch line. 

24. Chisel drafts one and one-half (14) in. wide shall be cut at exterior corners. 

25. Holes for stone hooks shall not be permitted to show in exposed surfaces. Stone shall 
be handled with clamps, keys, lewis or dowels. 

26. Stretchers.—Stretchers shall not.be less than four (4) ft. long and have at least one and a 
quarter times as much bed as thickness of course. : 

27. Headers.—Headers shall not be less than four (4) ft. long, shall occupy one-fifth of face 
of wall, shall not be less than eighteen (18) in. wide in face, and, where the course is more than 
eighteen (18) in. high, width of face shall not be less than height of course. 

28. Headers shall hold in heart of wall the same size shown in face, so arranged that a header 
in a superior course shall not be laid over a joint, and a joint shall not occur over a header; the 
same disposition shall occur in back of wall. ; 

29. Headers in face and back of wall shall interlock when thickness of wall will admit. 

30. Where the wall is three (3) ft. thick or less, the face stone shall pass entirely through. 
- Backing shall not be permitted. 

*31-a, Backing.—Backing shall be large, well-shaped stone, roughly bedded and jointed; 
bed joints shall not exceed one (1) in. At least one-half of the backing stone shall be of same 
size and character as the face stone and with parallel ends. The vertical joints in back of wall 


shall not exceed two (2) in. The interior vertical joints shall not exceed six (6) in. Voids shall 


. concrete. 
be thoroughly filled with { spalls, fully bedded in cement mortar. 
Penerete 
headers and stretchers, as specified in paragraphs 26 and 27, and 
heart of wall filled with concrete. / 

32. Where the wall will not admit of such arrangement, stone not less than four (4) ft. long 
shall be placed transversely in heart of wall to bond the opposite sides. 

33. Where stone is backed with two courses, neither course shall be less than eight (8) in. 
thick. 

34. Bond.—Bond of stone in face, back and heart of wall shall not be less than twe!ve (12) 
in. “Backing shall be laid to break joints with the face stone and with one another. 

35. Coping.—Coping stone shall be full size throughout, of dimensions indicated on the 
drawings. ; 

36. Beds, joints and top shall be fine-pointed. 

37. Location of joints shall be determined by the position of the bed plates, and be indicated 
on the drawings. 

38. Locks.—Where required, coping stone, stone in the wings of abutments, and stone 
on piers, shall be secured together with iron clamps or dowels, to the position indicated on the 
drawings. 


31-b. Backing shall be 


Brice AND RETAINING WaLL Masonry—RuBBLE STONE. 


39. Dressing.—The stone shall be roughly squared, and laid in irregular courses. Beds shall 
be parallel, roughly dressed, and the stone laid horizontal to the wall. Face joints shall not be 
more than one (1) in. thick. Bottom stone shall be large, selected flat stone. 

40. Laying.—The wall shall be compactly laid, having at least one-fifth the surface of back 
and face headers arranged to interlock, having all voids in the heart of the wall thoroughly filled 


itis, { concrete. ; 
suitable stones and spalls, fully bedded in cement mortar. 


Arcu Masonry—ASHLAR STONE. 


41. Arch Masonry, Ashlar Stone.—Voussoirs shall be full size throughout and dressed true 
to templet, and shall have bond not less than thickness of stone. 
42. Dressing.—Joints of voussoirs and intrados shall be fine-pointed. Mortar joints shall 
not exceed three-eighths ($) in. ' 
smooth. 
43. Face or Surface.—Exposed surface of the ring stone shall be 4 rock faced, with a marginal 
draft. 
44. Number of courses and depth of voussoirs shall be indicated on the drawings. 
45. Voussoirs shall be placed in the order indicated on the drawings. 


* Paragraphs 31-a and 31-b are so arranged that either may be eliminated according to 
requirements. ~Optional clauses printed in italics. 
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concrete. 

46. Backing.—Backing shall consist of large stone, shaped to fit the arch bonded to the spandrel 

and laid in full bed of mortar. 

47. Where waterproofing is required, a thin coat of mortar or grout shall be applied evenly 
for a finishing coat, upon which shall be placed a covering of approved waterproofing material. 

~ 48. Centers shall not be struck until directed by the engineer. 

49. Bench Walls, Piers, Spandrels, etc.—Bench walls, piers, spandrels, parapets, wing walls 
and copings shall be built under the specifications for Bridge and Retaining Wall Masonry, 
Ashlar Stone. 
ArcH MAsonry—RUBBLE STONE. 


50. Arch Masonry, Rubble Stone.—Voussoirs shall be full size throughout, and shall have 
bond not less than thickness of voussoirs. 

51. Dressing.—Beds shall be roughly dressed to bring them to radial planes. 

52. Mortar joints shall not exceed one (1) in. 

53. Face or Surface.—Exposed surfaces of the ring stone shall be rock-faced, and edges 
pitched to true lines. 

54. Voussoirs shall be placed in the order indicated on the drawings. 

- concrete. 
55. Backing.—Backing shall consist of ; /arge stone, shaped to fit the arch, bonded to the span- 
drel, and laid in full bed of mortar. 

56. Where waterproofing is required, a thin coat of mortar or grout shall be applied evenly 
for a finishing coat, upon which shall be placed a covering of approved waterproofing material. 

57. Centers shall not be struck until directed by the engineer. } 

58. Bench Walls, Piers, Spandrels, etc.—Bench walls, piers, spandrels, parapets, wing walls 
and copings shall be built under the specifications for Bridge and Retaining Wall Masonry, 
Rubble Stone. 

CuLverT Masonry. 


59. Culvert Masonry.—Culvert Masonry shall be laid in cement mortar. Character of 
stone and quality of work shall be the same as specified for Bridge and Retaining Wall Masonry, 
Rubble Stone. 

i 60. Side Walls.—One-half the top stone of the side walls shall extend entirely across the 
wall. 

61. Cover Stones.—Covering stone shall be sound and strong, at least twelve (12) in. thick, 
or as indicated on the drawings. They shall be roughly dressed to make close joints with each 
other, and lap their entire width at least twelve (12) in. over the side walls. They shall be doubled 
under high embankments, as indicated on the drawings. 

62. End Walls, Coping.—End walls shall be covered with suitable coping, as indicated on 
the drawings. 

Dry Masonry. 


63. Dry Masonry.—Dry Masonry shall include dry retaining walls and slope walls. 

64. Retaining Walls.—Retaining Walls and Dry Masonry shall include all walls in which 
rubble stone laid without mortar is used for retaining embankments or for similar purposes. 

65. Dressing.—Flat stone at least twice as wide as thick shall be used. Beds and joints 
shall be roughly dressed square to each other and to face of stone. 

66. Joints shall not exceed three-quarters ({) in. 
67. Disposition of Stone.—Stone of different sizes shall be evenly distributed over entire 
face of wall, generally keeping the larger stone in lower part of wall. 

68 The work shall be well bonded and present a reasonably true and smooth surface, free 
from holes or projections. 

69. Slope Walls.—Slope Walls shall be built of such thickness and slope as directed by the 
engineer, -Stone shall not be used in this construction which does not reach entirely through the 
wall. Stone shall be placed at right angles to the slopes. The wall shall be built simultaneously 
with the embankment which it is to protect. 


SPECIFICATIONS FOR PLAIN AND REINFORCED CONCRETE AND STEEL 
REINFORCEMENT.* 


CONCRETE MATERIALS. 


1. Cement.—The cement shall be Portland and shall meet the requirements of the standard 
specifications. : 

2, Fine Aggregates.—Fine aggregate shall consist of sand, crushed stone or gravel screenings, 
graded from fine to coarse, and passing when dry a screen having ¢ in. diameter holes; it shall 
preferably be of hard siliceous material, clean, free from dust, soft particles, vegetable loam or 
other deleterious matter, and not more than 6 per cent shall pass a sieve having 100 meshes per 
linear inch. 

3. The fine aggregate shall be of such quality that mortar composed of one part Portland 
cement and three parts fine aggregate by weight when made into briquettes shall show a tensile 
strength at least equal to the strength of 1 : 3 mortar of the same consistency made with same 
cement and standard Ottawa sand. f 

4. Coarse Aggregates.—Coarse aggregate shall consist of material such as crushed stone or . 
gravel which is retained on a screen having 1 in. diameter holes and having gradation of sizes from 
the smallest to the largest particles; it shall be clean, hard, durable and free from all deleterious 
matter. Aggregates containing dust, soft or elongated particles shall not be used. 

5. Water.—The water used in mixing concrete shall be free from oil, acid, and injurious 
amounts of alkalies or vegetable matter. 


STEEL REINFORCEMENT. 


6. Manufacture.—Steel shall be made by the open-hearth process. Rerolled material will 
not be accepted. 

7. Plates and shapes used for reinforcement shall be of structural steel only. Bars and 
wire may be of structural steel or high carbon steel. 

8. Schedule of Requirements.—The chemical and physical properties shall conform to the 
following limits: 


Elements Considered. Structural Steel. High Carbon Steel. 


0.04 per cent 0.04 per cent 
0.06 per cent 0.06 per cent 
Sulphur, maximum. ...... 6.6 esse eee eee eee 0.05 per cent 0.05 per cent 


Phosphorus, max.. { 


Ultimate tensile strength in pounds per square Desired Desired 
ilSltlay Maperan ah S aatrcsiert ett tating te enercrceateno gi 60,000 7 88,000 
1,500,000} 1,000,000 
Ult. tensile strength Ult. tensile strength 
Character of Fracture Silky Silky or finely 
granular 
Cold Bends without Fracture 180° flat 180° d = 4t§ 


Elong., min. per cent in 8 in., Fig. 1 


9. Yield Point.—The yield point for bars and wire, as indicated by the drop of the beam, 
shall be not less than 60 per cent of the ultimate tensile strength. 

10. Allowable Variations.—If the ultimate strength varies more than 4,000 lb. for structural 
steel or 6,000 Ib. for high carbon steel, a retest shall be made on the same gage, which, to be ac- 
ceptable, shall be within 5,000 Ib. for structural steel, or 8,000 Ib. for high carbon steel, of the 
desired ultimate. ; 


* Adopted by the American Railway Engineering Association. 
+ This sand may be obtained from the Ottawa Silica Company at a cost of 2 cts. per Ib. 
f. o. b. cars, Ottawa, Il. 
t See paragraph 15. 
§“‘d = 4t” signifies ‘around a pin whose diameter is four times the thickness of the specimen.” 
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11. Chemical Analyses.—Chemical determinations of the percentages of carbon, phosphorus, 
sulphur and manganese shall be made by the manufacturer from a test ingot taken at the time 
of the pouring of each melt of steel, and a correct copy of such analysis shall be furnished to the 
engineer or his inspector. Check analysis shall be made from finished material, if called for by 
ie SS ae company, in which case an excess of 25 per cent above the required limits will be 
allowed. 

12. Form of Specimens.—Plates, Shapes and Bars: Specimens for tensile and bending 
tests for plates and shapes shall be made by cutting coupons from the finished product, which 
shall have both faces rolled and both edges milled to the form shown by Fig. 1; or with both edges 
parallel; or they may be turned to a diameter of } in. with enlarged ends. 

13. Bars shall be tested in their finished form. 


About 3°, “el Parallel section not less than 9”. About $>y 
{ 1 


' 
san 4 
' 


i ‘Se 1Ser'S Ete, H 
(¢--—-------~----~--------=- About 18”-------- eoeeen------) > 


Fic. 1. 


14. Number of Tests.—At least one tensile and one bending test shall be made from each melt 
of steel as rolled. In case steel differing 3? in. and more in thickness is rolled from one melt, a 
test shall be made from the thickest and thinnest material rolled. 

15. Modifications in Elongation.—For material less than 7; in. and more than 3 in. in thick- 
ness the following modifications will be allowed in the requirements for elongation: 

(a) For each 7s in. in thickness below 75 in. a deduction of 23 will be allowed from the speci- 

fied percentage. 

(b) For each § in. in thickness above { in., a deduction of 1 will be allowed from the specified 

percentage. 

16. Bending Tests.—Bending test may be made by pressure or by blows. Shapes and bars 
less than one inch thick shall bend as called for in paragraph 8. 

17. Thick Material.—Test specimens one inch thickand over shall bend cold 180 degrees around 
a pin, the diameter of which, for structural steel, is twice the thickness of the specimen, and for high 
carbon steel, is six times the thickness of the specimen, without fracture on the outside of the bend. 

18. Finish.—Finished material shall be free from injurious seams, flaws, cracks, defective 
edges or other defects, and have a smooth, uniform and workmanlike finish. 

19. Stamping.—Every finished piece of steel shall have the melt number and the name of 
the manufacturer stamped or rolled upon it, except that bar steel and other small parts may be 
bundled with the above marks on an attached metal tag. 

20. Defective Material.—Material which, subsequent to the above tests at the mills, and its 
acceptance there, develops weak spots, brittleness, cracks-or other imperfections, or is found to 
have injurious defects, will be rejected and shall be replaced by the manufacturer at his own cost. 

21. Reinforcing steel shall be free from excessive rust, loose scale, or other coatings of any 
character, which would reduce or destroy the bond. 


WorKMANSHIP. 


22. Unit of Measure.—The unit of measure shall be the cubic foot. A bag containing not 
less than 94 lb. of cement shall be assumed as one cubic foot of cement. Tine and coarse aggre- 
gates shall be measured separately as loosely thrown into the measuring receptacle. 

23. Relation of Fine and Coarse Aggregates.—The fine and coarse aggregates shall be used 
in such relative proportions as will insure maximum density. 
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24. Proportions.—The proportions of materials for the different classes of concrete shall be 
as follows: 


Aggregates. 


Note:—This blank to be filled for each contract. 


25. For plain concrete, a proportion of 1 : 9 (unless otherwise specified) shall be used, i. e., 
one part of cement to a total of nine parts of fine and coarse aggregates measured separately; for 
example, 1 cement, 3 fine aggregate, 6 coarse aggregate. 

26. For reinforced concrete a proportion of I : 6 (unless otherwise specified) shall be used, 
i. e., one part of cement to a total of six parts of fine and coarse aggregates measured separately; 
for example, 1 cement, 2 fine aggregate, and 4 coarse aggregate. 

27. Mixing.—The ingredients ‘of concrete shall be thoroughly mixed to the desired con- 
sistency, and the mixing shall continue until the cement is uniformly distributed and the mass 
is uniform in color and homogeneous. 

28. Measuring Proportions.—The various ingredients, including the water, shall be measured 
separately, and the methods of measurement shall be such as to secure the proper proportions at 
all times. : 

29. Machine Mixing.—A machine mixer, preferably of the batch type, shall be used, wher- 
ever the volume of the work will justify the expense of installing the plant. The requirements 
demanded are that the product delivered shall be of the specified proportions-and consistency 
and thoroughly mixed. 

30. Hand, Mixing.—When it is necessary to mix by hand, the mixing shall be on a watertight 
platform of sufficient size to accommodate men and materials for the progressive and rapid mixing 
of at least two batches of concrete at the same time. Batches shall not exceed one-half cubic 
yardeach. The mixing shall be done as follows: The fine aggregate shall be spread evenly upon 


the platform, then the cement upon the fine aggregates, and these mixed thoroughly until of an ~ 


even color. The water necessary to mix a thin mortar shall then be added and the mortar spread 
again. The coarse aggregates, which, if dry, shall first be thoroughly wetted down, shall then 
be added to the mortar. The.mass shall then be turned with shovels or hoes usitil thoroughly 
mixed and all the aggregate covered with mortar. Or, at the option of the engineer, the coarse 
aggregate may be added before, instead of after, adding the water. 

31. Consistency.—The materials shall be mixed wet enough to produce a concrete of such 
consistency that it will flow into the forms and about the metal reinforcement, and which, on 
the other hand, can be conveyed from the place of mixing to the forms without separation of the 
coarse aggregate from the mortar. 

Boe Retempering.—Retempering mortar or concrete, i e., remixing with water after it has 
partially set, will not be permitted. 

33. Placing of Concrete.—Concrete after the completion of the mixing shall be handled 
rapidly to the place of final deposit and under no circumstances shall concrete be used that has 
partially set before final placing. 

34. The concrete shall be deposited in such a manner as will prevent the separation of the 
ingredients and permit the most thorough compacting. It shall be compacted by working with 
a straight shovel or slicing tool kept moving up and down until all the ingredients have settled in 
their proper place and the surplus water is forced to the surface. In general, except in arch work, 
all concrete must be deposited in horizontal layers of uniform thickness throughout. 

35. In depositing concrete under water, special care shall be exercised to prevent the cement 
from floating away and to prevent the formation of laitance. 

36. Before depositing concrete the forms shall ‘be thoroughly wetted (except in freezing 
weather) or oiled, and the space to be occupied by the concrete cleared of debris. 

37. Before placing new concrete on or against concrete which has set, the surface of the latter 
shall be roughened, thoroughly cleansed of foreign material and laitance, drenched and slushed 
with a mortar consisting of one part Portland cement and not more than two parts fine aggregate. 

38. The faces of concrete exposed to premature drying shall be kept wet for a period of at 
least three days. 
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39. Freezing Weather.—Concrete shall not be mixed or deposited at a freezing temperature, 
unless special precuations, approved by the engineer, are taken to avoid the use of materials 
ee with ice crystals or containing frost and to provide means to prevent the concrete from 

reezing. 

The author has used the following specification for depositing concrete in freezing weather:— 
When the temperature of the air is below 40° F. during the time of mixing and placing concrete, the 
water used in mixing concrete shall be heated to such a temperature that the temperature of the concrete 
mixture shall not be less than 60° when it reaches its final position in the forms. Care shall be used 
that the cement shall not be injured by boiling water. 

40. Rubble Concrete.—Where the concrete is to be deposited in massive work, clean, large 
stones, evenly distributed, thoroughly bedded and entirely surrounded by concrete, may be 
used, at the option of the engineer. 

41. Forms.—Forms shall be substantial and unyielding and built so that the concrete shall 
ean to the designed dimensions and contours, and so constructed as to prevent the leakage 
of mortar. 

42. The forms shall not be removed until authorized by the engineer. 

43. For all important work, the lumber used for face work shall be dressed to a uniform thick- 
ness and width; shall be sound and free from loose knots and secured to the studding or uprights 
in horizontal lines. 

44. For backings and other rough work undressed lumber may be used. 

_ 45. Where corners of the masonry and other projections liable to injury occur, suitable mold- 
ings shall be placed in the angles of the forms to round or bevel them off. 

46. Lumber once used in forms shall be cleaned before being used again. 

47. The reinforcement shall be carefully placed in accordance with the plans, and adequate 
means shall be provided to hold it in its proper position until the concrete has been deposited 
and compacted. 


DETAILS OF CONSTRUCTION. 


48. Splicing Reinforcement.—Wherever it is necessary to splice the reinforcement otherwise 
than as shown on the plans, the character of the splice shall be decided by the engineer on the 
basis of the safe bond stress and the stress in the reinforcement at the point of splice. Splices 
shall not be made at points of maximum stress. 

49. Joints in Concrete.—Concrete structures, wherever possible, shall be cast at one opera- 
tion, but when this is not possible, the resulting joint shall be formed where it will least impair 
the strength and appearance of the structure. 

50. Girders and slabs shall not be constructed over freshly formed walls or columns without 
permitting a period of at least four hours to elapse to provide for settlement or shrinkage in the 
supports. Before resuming work, the tops of such walls or columns shall be cleaned of foreign 
matter and laitance. 

51 A triangular-shaped groove shall be formed at the surface of the concrete at vertical 
joints in walls and abutments. 

52 Surface Finish.—Except where a special surface finish is required, a spade or special 
tool shall always be worked between the concrete and the form to force back the coarse aggre- 
gates and produce a mortar face. 

53. Top Surfaces.—Top surfaces shall generally be “‘struck’’ with a straight edge or “floated”’ 
after the coarse aggregates have been forced below the surface. 

54. Sidewalk Finish.—Where a “‘sidewalk finish’’ is called for on the plans, it shall be made 
by spreading a layer of I : 2 mortar at least $ in. thick, troweling the same to a smooth surface. 
This finishing coat shall be put on before the concrete has taken its initial set. 
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REFERENCES.—Plain masonry and concrete abutments and piers, only, have been con- 
sidered in this chapter. The following books may be consulted for additional information. 

Baker’s ‘‘ Masonry Construction,” John Wiley & Sons, gives a full discussion of the design 
of masonry, plain and reinforced concrete abutments and piers, and the different methods of 
constructing abutments and piers. 

Fowler’s ‘‘ Ordinary Foundations,’ John Wiley & Sons, gives a full discussion of the design 
and construction of abutments and piers, with special attention given to the coffer dam process. 

Jacoby and Davis’ “ Foundations of Bridges and Buildings,” McGraw-Hill Book Co., gives 
a full discussion of the design and construction of abutments and piers. 

Bulletin 140 of the Am. Ry. Eng. Assoc. has an article on the Design of Railway Bridge Abut- 
ments by Mr. J. H. Prior, Asst. Engineer, C. M. & St. P. Ry. This article describes in detail 
the standard plain and reinforced concrete abutments used by the C. M. & St. P. Ry. 


; 


CHAPTER VII. 
TIMBER BRIDGES AND TRESTLES. 


Definitions.—The following definitions have been adopted by the American Railway Engi- 


neering Association. 

Wooden Trestle-——A wooden structure composed of upright members supporting simple 
horizontal members or beams, the whole forming a support for loads applied to the horizontal 
members. 

Frame Trestle.—A structure in which the upright members or supports are framed timbers. 

Pile Trestle.—A structure in which the upright members or supports are piles. 

Bent.—The group of members forming a single vertical support of a trestle, designated as 
pile bent where the principal members are piles, and as framed bent where of framed timbers. 

Post.—One of the vertical or battered members of the bent of a framed trestle. 

Pile.—(See definition under subject of Piles and Pile Driving.) 

Batter.—A deviation from the vertical in upright members of a bent. 

Cap.—A horizontal member upon the top of piles or posts, connecting them in the form of a 
bent. 

Sill—A lower horizontal member of a framed bent. 

Sub-Sill.—_A timber bedded in the ground to support a framed bent. 

Intermediate Sill—A horizontal member in the plane of the bent between the cap and sill 
to which the posts are framed. ‘4 
' Sway Brace.—A member bolted or spiked to the bent and extending diagonally across its 
ac 


e. 
Longitudinal Strut or Girt.—A stiff member running horizontally, or nearly so, from bent to 

bent. 

Longitudinal X-Brace.—A member extending diagonally from bent to bent in a vertical or 
battered plane. 

Sash Brace.—A horizontal member secured to the posts or piles of a bent. 

Stringer.—A longitudinal member extending from bent to bent and supporting the ties. 

Jack Stringer.—A stringer placed outside of the line of main stringers. 

Tie.—A transverse timber resting on the stringers and supporting the rails. 

Guard Rail.—A longitudinal member, usually a metal rail, secured on top of the ties inside 
of the track rail, to guide derailed car wheels. A 

Guard Timber.—A longitudinal timber framed over the ties outside of the track rail, to 
maintain the spacing of the ties. 

Packing Block.—A small member, usually wood, used to secure the parts of a composite 
member in their proper relative positions. 

Packing Spool or Separator.—A small casting used in connection with packing bolts to 
secure the several parts of a composite member in their proper relative positions. 

Drift Bolt.—A piece of round or square iron of specified length, with or without head or 
point, drivenias a spike. 

Dowel.—An iron or wooden pin, extending into, but not through, two members of the struc- 
ture to connect them. 

Shim.—A small piece of wood or metal placed between two members of a structure to bring 
them to a desired relative position. 

Fish-Plate.—A short piece lapping a joint, secured to the side of two members, to connect 
them end to end. 
Bulkhead.—A wall of timber placed against the side of an end bent to retain the embankment. 


STRUCTURAL TIMBER. 


Definitions.—The following definitions have been adopted by the American Railway Engi- 
neering Association. 

Timber.—A single stick of wood of regular cross-section. 

Cross-Section.—A section of a stick at right angles to the axis. ; 

True.—Of uniform cross-section. Defects are caused by wavy or jagged sawing or consist 
of trapezoidal instead of rectangular cross-sections. 
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Axis.—The line connecting the centers of successive cross-sections of a stick. 

Straight.—Having a straight line for an axis. 3 

Out of Wind.—Having the longitudinal surfaces plane. 

Full Length.—Long enough to “‘square’’ up to the length specified in the order. 

Corner:—The line of intersection of the planes of two adjacent longitudinal surfaces. , 

. Girth.—The perimeter of a cross-section. 

Side.—Either of the two wider longitudinal surfaces of a stick. 

Edge.—Either of the two narrower longitudinal surfaces of a stick. 

Face.—The surface of a stick which is exposed to view in the finished structure. 

Sapwood.—A cylinder of wood next to the bark and of lighter color than the wood within. 
It may be of uneven thickness. 

Heartwood.—The older and central part of a log, usually darker in color than sapwood. 
It appears in strong contrast to the sapwood in some species, while in others it is but slightly 
different in color. 

Springwood.—The inner part of the annual ring formed in the earlier part of the season, 
not necessarily in the spring, and often containing vessels or pores. 

Summerwood.—The outer part of the annual ring formed later in the season, not necessarily 
in the summer, being usually dense in structure and without conspicuous pores. 

Decay.—Complete or partial disintegration of the cell walls, due to the growth of fungi. 

Sound.—Free from decay. 

Solid.— Without cavities; free from loose heart, wind shakes, bad checks, splits or breaks, 
loose slivers, and worm or insect holes. 

Wane.—A deficient corner due to curvature or to taper of the log. 

Square Cornered.—Free from wane. 

Knot.—The hard mass of wood formed in a trunk at a branch, with the grain distinct and 
separate from the grain of the trunk. 

Cross-Grain.—The gnarly mass of wood surrounding a knot, or grain injuriously out of 
parallel with the axis. 

Wind Shake.—A crack or fissure, or a series of them, caused during growth. 


STANDARD DEFECTS OF STRUCTURAL TIMBER.*— 


The standard defects included in the following list are mostly such as may be termed natural 
defects, as distinguished from defects of manufacture. The latter have usually been omitted, 
because the defects of manufacture are of minor significance in the grading of structural timber: 

Sound Knot.—A sound knot is one which is solid across its face and is as hard as the wood 
surrounding it. It may be either red or black, and is so fixed by growth or position that it will 
retain its place in the piece. 

Loose Knot.—A loose knot is one not firmly held in place by growth or position. 

Pith Knot.—A pith knot is a sound knot with a pith hole not more than } in. in diameter 
in the center. 

Encased Knot.—An encased knot is one which is surrounded wholly or in part by bark or 
pitch. Where the encasement is less than ¢ in. in width on each side, nor exceeding one-half the 
circumference of the knot, it shall be considered a sound knot. 

Rotten Knot.—A rotten knot is one not as hard as the wood surrounding it. 

Pin Knot.—A pin knot is a sound knot not over 3 in. in diameter. 

Standard Knot.—A standard knot is a sound knot not over 14 in. in diameter. 

Large Knot.—A large knot is a sound knot, more than 1} in. in diameter. 

Round Knot.—A round knot is one which is oval or circular in form. 

Spike Knot.—A spike knot is one sawn in a lengthwise direction. The mean or average 
diameter shall be taken as the size of these knots. 

Pitch Pockets.—Pitch pockets are openings between the grain of the wood, containing more 
or less pitch or bark. These shall be classified as small, standard and large pitch pockets. 

Small Pitch Pocket.—(a).—A small pitch pocket is one not over % in. wide. 

Standard Pitch Pocket.—(b).—A standard pitch pocket is one not over % in. wide nor over 
3 in. in length. 

Large Pitch Pocket.—(c).—A large pitch pocket is one over 3 in. wide, or over 3 in. in length. 

_ Pitch Streak.—A pitch streak is a well-defined accumulation of pitch at one point in the 
piece. When not sufficient to develop a well-defined streak, or where the fiber between grains, 
that is, the coarse grained fiber, usually termed “spring wood,” is not saturated with pitch, it 
shall not be considered a defect. 


* Adopted by Am. Ry. Eng. Assoc., Vol. 8, 1907. 
+ Measurements which refer to the diameter of knots or holes shall be considered as the mean 
or average diameter in all cases. 
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Shakes.—Shakes are splits or checks in timber which usually cause a separation of the 
wood between annual rings. 

Ring Shake.—An opening between annual rings. 

Through Shakes.—A shake which extends between two faces of a timber. 

Rot, Dote and Red Heart.—Any form of decay which may be evident either as a dark red 
discoloration not found in the sound wood, or by the presence of white or red rotten spots, shall be 
considered as a defect. ; 

Wane.—(See definition under the subject of Structural Timber.) 

Note.—See additional definitions of defects under Structural Timber. 


PiLes AND PILE Drivinec.* 


The following definitions and the principles of Pile Driving have been adopted by the Ameri- 
can Railway Engineering Association. 


Pile-—A member usually driven or jetted into the ground and deriving its support from the 
underlying strata, and by the friction of the ground on its surface. The usual functions of a 
pile are: (a) to carry a superimposed load; (b) to compact the surrounding ground; (c) to form a 
wall to exclude water and soft material, or to resist the lateral pressure of adjacent ground. 

Head of Pile.—The upper end of a pile. i 

Foot of Pile.—The lower end of a pile. 

Butt of Pile.—The larger end of a pile. 

Tip of Pile.—The smaller end of a pile. 

Bearing Pile.—One used to carry a superimposed load. 

- Screw Pile.—One having a broad-bladed screw attached to its foot to provide a larger bearing 
area. 
Disc Pile-—One having a disc attached to its foot to provide a larger bearing area. 

Batter Pile.—One driven at an inclination to resist forces which are not vertical. 
Sheet Pile.—Piles driven in close contact in order to provide a tight wall, to prevent leakage 
of water and soft materials, or driven to resist the lateral pressure of adjacent ground. 

Pile Driver.—A machine for driving piles. 

Hammer.—A weight used to deliver blows to a pile to secure its penetration. 

Drop Hammer.—One which is raised by means of a rope and then allowed to drop. 

Steam Hammer.—One which is automatically raised aad dropped a comparatively short 
distance by the action of a steam cylinder and piston supported in a frame which follows the pile. 

Leads.—The upright parallel members of a pile driver which support the sheaves used to 
hoist the hammer and piles, and which guide the hammer in its movement. 

Cap.—A block used to protect the head of a pile and to hold it in the leads during driving. 

Ring.—A metal hoop used to bind the head of a pile during driving. 

Shoe.—A metal protection for the point or foot of a pile. 

Follower.—A member interposed between the hammer and a pile to transmit blows to the 
latter when below the foot of the leads. . 

PILE-DRIVING—Principles of Practice.—(1) A thorough exploration of the soil by borings, 
or preliminary test piles, is the most important prerequisite to the design and construction of 
pile foundations. 

(2) The cost of exploration is frequently less than that otherwise required merely to revise 
the plans of the structure involved, without considering the unnecessary cost of the structures 
due to lack of information. 

(3) Where adequate exploration is omitted, it may result in the entire loss of the structure, 
or in greatly increased cost. 

(4) The proper diameter and length of pile, and the method of driving depend upon the result 
of the previous exploration and the purpose for which they are intended. . 

(5) Where the soil consists wholly or chiefly of sand, the conditions are most favorable to 
the use of the water jet. ‘ 

(6) In harder soils containing gravel the use of the jet may be advantageous, provided 
sufficient volume and pressure be provided. . 

(7) Inclay it may be economical to bore several holes in the soil with the aid of the jet before 
Sees the pile, thus securing the accurate location of the pile, and its lubrication while being 

riven. 2 
(8) In general, the water jet should not be attached to the pile, but handled separately. 

(9) Two jets will often succeed where one fails; in special cases a third jet extending a part 
of the depth aids materially in keeping loose the material around the pile. : 

(10) Where the material is of such a porous character that the water from the jets may be 


* For an elaborate bibiioemphy on “Piles and Pile Driving” see Am. Ry. Eng. Assoc., Vol. 10. 
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dissipated and fail to come up in the immediate vicinity of the pile, the utility of the jet is uncer- 
tain, except for a part of the penetration. 

(11) A steam or drop hammer should be used in connection with the water jet, and used to 
test the final rate of penetration. 

(12) The use of the water jet is one of the most effective means of avoiding injury to piles 
by overdriving. 

(13) There is danger from overdriving when the hammer begins to bounce. Overdriving is 
also indicated by the bending, kicking or staggering of the pile. 

(14) The brooming of the head of a pile dissipates a part, and in some cases all, of the energy 
due to the fall of the hammer. ; 

(15) The weight or the drop of the hammer should be proportioned to the weight of the 
pile, as well as to the character of the soil to be penetrated. 

(16) The steam hammer is more effective than the drop hammer in securing the penetration 
ofa pile without injury, because of the shorter interval between blows. 

(17) Where shock to surrounding material is apt to prove detrimental to the structure, the 
steam hammer should always be used instead of the drop hammer. This is especially true in the 
case of sheet piling which is intended to prevent the passage of water. In some cases also the 
jet should not be used. 

(18) In general, the resistance of piles, penetrating soft material, which depend solely upon 
skin friction, is materially increased after a period of rest. This period may be as short as fifteen 
minutes, and rarely exceeds twelve hours. 

(19) In tidal waters the resistance of a pile driven at low tide is increased at high tide on 
account of the extra compression of the soil. 

(20) Where a pile penetrates muck or a soft yielding material and bears upon a hard stratum 
at its foot, its strength should be determined as a column or beam; omitting the resistance, if any, 
due to skin friction. : 

(21) Unless the record of previous experience at the same site is available, the approximate 
bearing power may be obtained by loading test piles. The results of loading test piles should 
be used with caution, unless their condition is fairly comparable with that of the piles in the 
proposed foundation. 

(22) In case the piles in a foundation are expected to act as columns the results of loading 
test piles should not be depended upon unless they are sufficient in number to insure their action 
in a similar manner, and they are stayed against lateral motion. 

(23) Before testing the penetration of a pile in soft material where its bearing power depends 
ees tre or wholly, upon skin friction, the pile should be allowed to rest for 24 hours after 

riving. 

(24) Where the resistance of piles depends mainly upon skin friction it is possible to diminish 
the combined strength, or bearing capacity, of a group of piles by driving additional piles within 
the same area. Me 

(25) Where there is a hard stratum overlying softer material through which the piles are to 
pass to a firm bearing below, the upper stratum should be removed by dredging or otherwise, 
provided it would injure the piles to drive through the stratum. The material removed may be 
replaced if it is needed to provide lateral resistance. 

ie one piles may be advantageously pointed, in some cases, to a 4-in. or 6-in. square 
at the end. ’ 

(27) Piles should not be pointed when driven into soft material. 

(28) Shoes should be provided for piles when the driving is very hard, especially in riprap or 
shale, and should be so constructed as to form an integral part of the pile. 

(29) The use of a cap is advantageous in distributing the impact of the hammer more uni- 
formly over the head of the pile, as well as to hold it in position during driving. 

(30) The specification relating to the penetration of a pile should be adapted to the soil which 
the pile is to penetrate. 

(31) It is far more important that a proper length of pile should be put in place without 
py than that its penetration should be a specified distance under a given blow, or series of 

ows. 


SPECIFICATIONS FOR TIMBER PILES.* 


RAILROAD HEART GRADE. 


I. This grade includes white, burr, and post oak, longleaf pine, Douglas fir, tamarack, Eastern 
white and red cedar, chestnut, Western cedar, redwood and cypress. . 

2. Piles shall be cut from sound trees; shall be close grained and solid, free from defects, such 
as injurious ring shakes, large and unsound or loose knots, decay or other defects, which may 
materially impair their strength or durability. In Eastern red or white cedar a small amount of 
heart rot at the butt, which does not materially injure the strength of the pile, will be allowed. 

3. Piles must be butt cut above the ground swell and have a uniform taper from butt to tip. 
Short bends will not be allowed. A line drawn from the center of the butt to the center of the 
tip shall lie within the body of the pile. 

4. Unless otherwise allowed, piles must be cut when sap is down. Piles must be peeled soon 
after cutting. All knots shall be trimmed close to the body of the pile. 

5. For round piles the minimum diameter at the tip shall be nine (9) in. for lengths not 
exceeding thirty (30) ft.; eight (8) in. for lengths over thirty (30) ft. but not exceeding fifty (50) 
ft., and seven (7) in. for lengths over fifty (50) ft. The minimum diameter at one-quarter of the 
length from the butt shall be twelve (12) in. and the maximum diameter at the butt twenty (20) in. 

6. For square piles the minimum width of any side of the tip shall be nine (9) in. for lengths 
not exceeding thirty (30) ft.; eight (8) in. for lengths over thirty (30) ft. but not exceeding fifty 
(50) ft., and seven (7) in. for lengths over fifty (50) ft. "The minimum width of any side at one- 
quarter of the length from the butt shall be twelve (12) in. 

7. Square piles shall show at least eighty (80) per cent heart on each side at any cross-section 
of the stick, and all round piles shall show at least ten and one-half (103) in. diameter of heart 
at the butt. 

RAILROAD FALSEWORK GRADE. 


8. This grade includes red and all other oaks not included in R. R. Heart grade, sycamore, 
sweet, black and tupelo gum, maple, elm, hickory, Norway pine, or any sound timber that will 
stand driving. 

g. The requirements for size of tip and butt, taper and lateral curvature are the same as for 
R. R. Heart grade. 

10. Unless otherwise specified piles need not be peeled. 

11. No limits are specified as to the diameter or proportion of heart. 

12. Piles which meet the requirements of R. R. Heart grade except the proportion of heart 
specified will be classed as R. R. Falsework grade. 

GUARD RAILS AND GUARD TIMBERS.—In 1912 the American Railway Engineering 
Association made an investigation of the use of guard rails and guard timbers for timber trestles 
and bridges and adopted the following report based on replies from 61 railroads. 

I. It is recommended as good practice to use guard timbers on all open-floor bridges, and 
same shall be so constructed as to properly space the ties and hold them securely in their places. 

2. It is recommended as good practice to use guard rails to extend beyond the end of the 
bridges for such a distance as required by local conditions, but that this length in any case be not 
less than fifty feet; that guard rails be fully spiked to every tie and spliced at every joint, the guard 
rail to be some form of metal guard rail. 

3. It is recommended that the guard timber and guard rail be so spaced in reference to the 
track rail that a derailed truck will strike the guard rail without striking the guard timber. 

4. The height of the guard rail to be not over one inch less in height than the running (track) 
rail. 

TIMBER TRESTLES.—The details of the design of timber trestles depends upon the loading; 
the details of the floor system, the available timber and upon the designer. The length of panels 
varies from 12 ft. to 16 ft., with 14 ft. as a fair average panel length. 

Pile Trestles.—The details of the standard pile trestle with open floor of the N. Y., N. H. & 
H. R. R. are given in Fig. 1. The number and arrangement of the piles in the bents are shown. 
The bents are 12 ft. center to center. The stringers are 24 ft. long and are placed to span two 
panels and to break joints. The tops of the caps are covered with No. 20 flat galvanized iron to 
protect the trestle from fire. The details of washers, packing blocks, drift bolts, etc., are shown 
on the plans. 


* Adopted, Am. Ry. Eng. Assoc., Vol. 10, 1909. 
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Frame Trestles.—The details of the standard frame trestle with open floor of the N. Y., 
N. H. & H. R. R. are given in Fig. 2. The bents are spaced 12 ft. center to center. The floor 
system is the same as for pile trestles. The frame trestle may be supported on a pile foundation, 
upon timber sub-sills (mudsills) or on concrete pedestals. Timber sub-sills soon decay and 
should be used only for temporary trestles. Other data and details are shown on the plans. 

The plans of a standard frame trestle designed-and built by the Illinois Central Railroad are 
given in Fig. 3. The bents are spaced 14 ft. centers, while the stringers are 28 ft. long and cover 
two panels. The details of the track and the guard rails are not shown. A complete bill of 
timber and iron for one bent and one panel of the floor are given in Fig. 3. The standard frame 
trestle may be carried on mudsills (sub-sills) as shown in Fig. 3, or on piles or concrete pedestals 
as shown in Fig. 2. 

Detail plans of a pile trestle with ballasted deck are given in Fig. 4. 

TIMBER HOWE TRUSSES.—Plans of a standard 150 ft. span Howe truss designed and 
erected by the C. M. & P. S. Ry. are shown in Fig. 5, Fig. 6, and Fig. 7. This bridge was designed 
for Cooper’s E 55 Loading, with the allowable unit stresses as given in the American Railway 
Engineering Association Specifications for Timber Bridges and Trestles. ‘The bill of lumber is 
given in Table I; the bill of castings and bolts is given in Table II; the bill of upset vertical rods 
is given in Table III, and the bill of lateral rods is given in Table IV. The following additional 
specifications were given on the plans. 

TABLE I. 


BILL OF TIMBER FOR ONE 150 FT. HOWE TRUSS SPAN. 


Size, In. ion. : Size, In. | Length, Ft.-In. Location. 


28-35 Diag. Posts. 
22-0 Portal. 
14-0 “ ' 
9-0 Bott. Laterals. 
8-7 “ ‘ 
18-0 — 
17-9 
8-8 
17-4 
8-1 


‘10 X 
“ “ ‘ 


PAKHKHKHKHKA DAP HHH A OP HOH KHA HHO KHNL DW OO 


Floorbeams. 
Stringers. 
“ 


“ 
“ 


Ties. 
Guard Rail. 


AD 


2 
2 
% 
2 
2 
2 
2 
2 
6 
2, 
4 
D 
4 
4 
2 
2 
° 
4 
4 
8 
8 
6 
2 
8 
8 
8 
8 
2 
8 
8 
4 
4 


Lengths given for Top and Bottom Laterals are longer than finished lengths. 
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BILL OF CASTINGS AND BOLTS FOR HOWE TRUSS BRIDGE. 


Description. 


O. G. Washers 


“ 


rs 
Slot Washers for 1 in. Bolts. . 
it3 “ “ ce [73 


“cc “ oc 3 6 “ec 


6in. X4 in. X} in. X 38 ft— 


5% in. Guard Angles 
6in. X 4 in. X 3 in. X 


39\it.-7¢ in. Guard Angles. 


Packing Washers 


Bearing Plates... 5-0. r.-- 
Bearing Channels 
“ce “ce 


Angle Blocks 
Dowels } in. X o ft.-11 in. 


Bteel ac ai paaver omnes sees 


TABLE II. 


Britt oF CASTINGS, BOLTS, ETC. FOR ONE 


150 FT. Howe Truss SPAN. 


Description. 
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Dowels § in. X Oft.-9 in... . 
Dowels § in. X & ft. wy in. 
Spikes 9 in. x? 3 in. 
Fi in. x? in, 
4 in. X2 % in. 
Drift Bolts 3 Zin. X 1 it. 8 in.. 
Bolts 1 in. X 1 ft.—11 in. 
Sq. H & N 23 in. thd 
Bolts 1 in. X 1 ft.-7$ in. 
Sq. Hi & N 25 in. thd...... 
Bolts } in. X 5 ft.—6} in. 
Sq. El & N 24 in. thd... .< 
Bolts § in. X 4 ft.-4# in. 
Sq. H & N 23 in. thd 
Bolts § in. X 4 ft.—{ in. 
Sq. H & N 23 in. thd 
Bolts $ in. X 3 ft.-8$ in. 
Sq: H’& N25 an. thd......; 
Bolts % in. X 3 ft.-93 in. 
Sq. H & N 23 in. thd...... 
Bolts ¥ in. X 3 ft.-4 in. 
Sq. Eb & N 23 in. thd..... 
Bolts 2 in. X 1 ft.-9$ in. 
Sq. H & N 23 in. thd 
Bolts $ in. X 2 ft.-3} in. 
Sq. H & N 23 in. thd...... 
Bolts $ in. X 2 ft.-3% in. 
Sq. H & N 23 im. thd...... 
Bolts ¢ in. X 2 ft.-4} in. 
Sq: H.& N 23 in. thd........ 
Bolts $ in. X 2 ft.-63 in. 
Sq. H & N 23 in. thd...... 
Bolts $ in. X 2 ft.-10} in. 


“cc 


Bolts 2 in. X 3 ft—2} in. 
Sq. H & N 23 in. thd 
Bolts 2 in. X 3 ft.—s#in. 
Sq. Eé& Niotinsthd., . = 
Bolts $ in. X 4 ft.-1{ in. 
Sq. Hi & N 2# in. thd... ... 
Bolts in. X 4 ft—3% in. 
Sq. H & N 23 in. thd 
Bolts $ in. X 4 ft.—4 in. 


q. 
Bolts 3 in. X 1 ft.-34 in 

Sq. H & N 23 in. thd 
Recess Washers 
Special Bolts 2 in. X 1 ft..... 
Lateral Angle Blocks........ 
Angle Blocks 


TIMBER BRIDGES AND TRESTLES. 
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TIMBER HOWE TRUSS DECK BRIDGE. 
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“Outer 6 in. X 8 in. Guard Rails are notched for ties, spiked to each tie with one 9 in. < Pin. 
spikes. Each tie to be spiked to stringers with 4 in. X 14 in. spikes. Stringers drift-bolted to 
floorbeams with 2 in. X 18 in. drift bolts. All 4 in., in. and 1 in. bolts to be provided with one 
O. G. and one slot washer. All contacts of wood and wood to be painted with white lead. Corbels 
to be creosoted. All holes bored in chord sticks to be creosoted. Inner 4 in. X 8 in. Guard 
Rails bolted at center and ends of each piece, spiked to each tie not bolted, with one 8 in. X $n. 
spike and spliced. The 6 in. X 4 in. X 2 in. guard rail is bolted at ends and at intervals of not 
over 3 ties with $ in. special bolts. Leave % in. opening between ends of Guard Rail angles.” 

The detail plans of a timber Howe truss railway bridge with an 80 ft. span are given in Fig, 8 
and Fig. 9. This bridge was designed for Cooper’s E 55 loading for the allowable stresses given 
in the specifications of the American Railway Engineering Association. The details and a bill 
of materials are given on the plans. 


TABLE III. TABLE IV. 
Britt or Upset VERTICAL Rops FOR ONE 150 FT. Britt ofr LATERAL Rops FOR ONE 150 
Howe Truss SPAN. FT. Howe Truss SPAN. 


Diameter of Upsets. 


ONCAE 


No. of Pcs. | Length, Ft.-In. 
Diam., In, 


12 
12 
12 
16 
12 


40 


bw HHH 
Fa) pt bol bola lco 
ol Rofo) Bo) oo) 


ds 


Diameter of Upset “U”’ based on number of threads per 
inch. 

Length of upsets “M” to be in accord with shop stand- 
ards. : 


PRY HYHYNHNYHNDN 
PPAR RRALARU 


HIGHWAY TIMBER TRESTLES AND BRIDGES.—Details of a highway crossing of 
the Illinois Central Railroad are given in Fig. 10 and Fig. 11. 
; A combination timber and iron bridge is shown in Fig. 12; while a short span timber highway 
bridge is given in Fig. 13. 
For additional details of timber highway bridges, see the author’s “‘ The Design of High- 
way Bridges.” : 


SPECIFICATIONS FOR WORKMANSHIP FOR PILE AND FRAME TRESTLES TO 
BE BUILT UNDER CONTRACT.* : 


1. Site.—The trestle to be built under these specifications is located on the line of ........ 


5 Sacer Railroad at Cat. wuts eo edoee an County,.0t Geman yeasty Se C enn Scarce 

ie 2. General Description.—The work to be done under these specifications covers the driving, 
framing and erection of a .........++-+++- track wooden trestle about .......... ft. long and 
an average of ........-. ft. high 


GENERAL CLAUSES. 


3. The contractor shall furnish all necessary labor, tools, machinery, supplies, temporary 
staging and outfit required. He shall build the complete trestle ready for the track rails, ina 
workmanlike manner, in strict accordance with the plans and the true intent of these specifica- 
tions; to the satisfaction and acceptance of the engineer of the railroad company. 

4. The workmanship shall be of the best quality in each class of work. Details, fastenings 
and connections shall be of the best method of construction in general use on first class work, 


* Adopted by American Railway Engineering Association. 


—— pe 


——— 


HIGHWAY CROSSING, 293 


5. Holes shall be bored for all bolts. The depth of the hole and the diameter of the auger 


to be specified by the engineer. 
6. Framing shall be accurately fitted; no blocking or shimming will be allowed in making 


joints. Timbers shall be cut off with the saw; no axe to be used. 
7. Joints and points of bearing, for which no fastening is shown on the plans, shall be fastened 


as specified by the engineer. : 


Flooring 5112%16°0' Planks 
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Fic. 10. HicHway Crossinc. ILLINOIS CENTRAL RAILROAD. 

_ 8. The engineer or his authorized agents shall have full power to cause any inferior work 
to be condemned, and taken down or altered, at the expense of the contractor. Any material 
destroyed by the contractor on account of inferior workmanship or carelessness of his men is to 


be replaced by the contractor at his own expense. 
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g. Figures shown on the plans shall govern in preference to scale measurements; if any 
discrepancies should arise or irregularities be discovered in the plans, the contractor shall call 
on the engineer for instructions. These specifications and the plans are intended to co-operate, 
and if any question arises as to the proper interpretation of the plans or specifications, it shall be 


referred to the engineer for a ruling. 
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Fic. 11. Dervamts or HicnwAy Crossinc. ILLINOIS CENTRAL RAILROAD. 


10. The contractor shall, when required by the engineer furnish a satisfactory watchman to 


guard the work. 
11. On the completion of the work, all refuse material and rubbish that may have accumu- 


lated on top or under and near the trestle, by reason of its construction, shall be removed by the 
contractor, 


295 


COMBINATION HIGHWAY BRIDGE. 
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Fic. 13. DETAILS OF A TIMBER HIGHWAY BRIDGE. 


DETAIL SPECIFICATIONS. — 


12. Piles.—Piles shall be carefully selected to suit the place and ground where they are to 
be driven. When required by the engineer, pile butts shall be banded with iron or steel for 
driving, and the tips with suitable iron or steel shoes; such shoes will be furnished by the railroad 
company. 

13.—Piles shall be driven to a firm bearing, satisfactory to the engineer, or until five blows 
of a hammer weighing 3,000 lb., falling 15 feet (or a hammer and fall producing the same mechan- 
ical effect), are required to cause an average penctration of one-half (4) in. per blow, except in 
soft bottom, where special instructions will be given. 

14.—Batter piles shall be driven to the inclination shown by the plans, and shall require but 
slight bending before framing. 

15.—Butts of all piles in a bent shall be sawed off to one plane and trimmed so as not to 
leave any horizontal projection outside of the cap. 

16.—Piles injured in driving, or driven out of place, shall either be pulled out or cut off, 
and replaced by new piles. 

17. Caps.—Caps shall be sized over the piles or posts to a uniform thickness and even bearing 
‘on piles or posts. The side with most sap shall be placed downward. 

18. Posts.—Posts shall be sawed to proper length for their position (vertical or batter), and 
to an even bearing on cap and sill. 

19. Sills.—Siils shall be sized at the bearing of posts to one plane. 

20. Sway Braces.—Sway bracing shall be properly framed and securely fastened to piles or 
posts. When necessary for pile bents, filling pieces shall be used between the braces and the 
piles on account of the variation in size of piles, and securely fastened and faced to obtain a 
bearing against all piles. 

21. Longitudinal Braces.—Longitudinal X-braces shall be properly framed and securely 
fastened to piles or posts. 
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22. Girts.—Girts shall be properly framed and securely fastened to caps, sub-sills, posts or 
piles, as the plans may require. 

23. Stringers.—Stringers shall be sized to a uniform height at supports. The edges with 
most sap shall be placed downward. 

24. Jack Stringers.—Jack stringers, if required on the plans, shall be neatly framed on 
caps, and their tops shall be in the same plane as the track stringers. 

25. Ties.—Ties shall be framed to a uniform thickness over bearings, and shall be placed - 
with the rough side upward. They shall be spaced regularly, cut to even length and line, as 
called for on the plans. : 

26. Guard Rails.—Timber guard rails shall be framed as called for on the plans, laid to line 
and to a uniform top surface. They shall be firmly fastened to the ties as required. 

27. Bulkheads.—Bulkheads shall be of sufficient dimensions to keep the embankment clear 
of the caps, stringers and ties, at the end bents of the trestle. There shall be a space not less 
than two (2) in. between the back of end bent and the face of the bulkhead. The projecting 
ends of the bulkhead shall be sawed off to conform to the slope of the embankment, unless other- 
wise specified. 

28. Time “4 Peed) work shall be completed in all its parts on or before ........ 
BP load cic oe 5 aD) Wes yyse : 

29. Payments.—Payments will be made under the usual regulations of the railroad company. 


SPECIFICATIONS FoR Metat Detarts UseD IN WOODEN BRIDGES AND TRESTLES. 


30. Wrought-iron.—Wrought-iron shall be double-rolled, tough, fibrous and uniform in 
character. It shall be thoroughly welded in rolling and be free from surface defects. When 
tested in specimens of standard form shall give an ultimate strength of at least 50,000 Ib. per sq. 
in., an elongation of 18 per cent in 8 in., with fracture wholly fibrous. Specimens shall bend cold, 
with the fiber, through 135 degrees, without sign of fracture, around a pin the diameter of which 
is not over twice the thickness of the piece tested. When nicked and bent, the fracture shall show 
at least 90 per cent fibrous. 

31. Steel.—Steel shall be made by the open-hearth process and shall be of uniform quality. 
It shall contain not more than 0.05 per cent sulphur; if made by the acid process it shall contain 
not more than 0.06 per cent phosphorus, and if made by the basic process not more than 0.04 
per cent phosphorus. When tested in specimens of standard form, or full sized pieces of the 
same length, it shall have a desired ultimate tensile strength of 60,000 Ib. per sq. in. If the 
ultimate strength varies more than 4,000 Ib. from that desired, a retest shall be made on the 
same gage, which to be acceptable, shall be within 5,000 lb. of the desired ultimate. It shall ° 


1,500,000 al 
Eioicces siren and shall bend cold with 


out fracture 180 degrees flat. The fracture for tensile-tests shall be silky. 

32. Castings.—Except where chilled iron is specified, castings shall be made of tough gray 
iron, with sulphur not over 0.10 per cent. They shall be true to pattern, out of wind and free 
from flaws and excessive shrinkage. If tests are demanded, they shall be made on the ‘‘ Arbi- 
tration Bar” of the American Society for Testing Materials, which is a round bar 1+ in. in diameter 
and 15 in. long. The transverse test shall be made on a supported length of 12 in., with load at 
middle. The minimum breaking load so applied shall be 2,900 lb., with a deflection of at least 
zs in. before rupture. ; 

33. Bolts.—Bolts shall be of wrought-iron or steel, made with square heads, standard size, the 
length of thread to be 2} times the diameter of bolt. The nuts shall be made square, standard size, 
with thread fitting closely the thread of bolt. Threads shall be cut according to U. S. standards. 

34. Drift Bolts.—Drift bolts shall be of wrought-iron or steel, with or without square head, 
pointed or without point, as may be called for on the plans. 

35. Spikes.—Spikes shall be of wrought-iron or steel, square or round, as called for on the 
plans; steel wire spikes, when used for spiking planking, shall not be used in lengths more than 
6 in.; if greater lengths are required, wrought or steel spikes shall be used. 

36. Packing Spools or Separators.—Packing spools or separators shall be of cast-iron, made 
to size and shape called for on plans; the diameter of the hole shall be ¢ in. larger than diameter 


have a minimum percentage of elongation in 8 in. of 


- of packing bolts. 


37. Cast Washers.—Cast washers shall be of cast-iron. The diameter shall be not less than 
3 times the diameter of bolt for which it is used, and its thickness equal to the diameter of bolt; 
the diameter of hole shall be 3 in. larger than the diameter of the bolt. 

38. Wrought Washers.—Wrought washers shall be of wrought-iron or steel, the diameter 
shall be not less than 33 times the diameter of bolt for which it is used, and not less than 7 in 
thick. The hole shall be } in. larger than the diameter of the bolt. 

39. Special Castings.—Special castings shall be made true to pattern, without wind, free from 
flaws and excessive shrinkage, size and shape to be as called for by the plans. 
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WorKING UNiT-STRESSES FOR are TIMBER EXPRESSED IN POUNDS PER SQUARE 
NCH. 

Note-—The working unit-stresses given in Table V are intended for railroad bridges and 
trestles. For highway bridges and trestles the unit-stresses may be increased twenty-five (25) 
percent. For buildings and similar structures, in which the timber is protected from the weather 
and practically free from impact, the unit stresses may be increased fifty (50) per cent. To 
compute the deflection of a beam under long-continued loading instead of that when the load is 
first applied, only fifty per cent of the corresponding modulus of elasticity given in the table is 


to be employed. 
TABLE V. 


Unit STRESSES FOR STRUCTURAL TIMBER EXPRESSED IN POUNDS PER SQUARE INCH. 
AMERICAN RAILWAY ENGINEERING ASSOCIATION. 


Bending. Shearing. Compression. 


Modulus | parallel S Parallel to 
ee oe to Grain. | a Grain. 
Kind of Timber. neha ely : 


Diams. 
Ratio of Length of 


Stress in Long 
Stringer to Depth. 


Formulas for Safe 
Columns over 15 


Ultimate. 
Average 
Ultimate. 


Average 
Diam., Safe Stress. 


For Col’s under 15 
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Douglas fir 1,510,000 
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Longleaf pine... 1,610,000 |720 
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Shortleaf pine... 1,480,000 |710 


: 
= 
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White pine 1,130,000 |400 


I 
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1,3 10,000 |600 
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Norway pine.... 1,190,000 |590* 


Tamarack 1,220,000 |670 


= 
| 


Western hemlock|5800|1100} 1,480,000 |630 440 


is 
| 


a 


Redwood g00} 800,000 |300 400 


| 


g 


Bald cypress. ...|4800] 900] 1,150,000 340 1100 


~ 


cal 
| 


=o 


Red cedar 800} 860,000]....]...}....]... 1470 goo 


White oak. .. .. . 5700/1100] 1,150,000 |840 |210/270 |110/920 1300 - 12 


Note.—These unit stresses are for a green condition of timber and are to be used without in- 
| creasing the live load stresses for impact. 


REFERENCES.—For additional details and information the following references may be 
consulted : 

Foster’s “A Treatise on Wooden Trestle Bridges,” John Wiley & Sons, gives data and 
details of the design of timber trestles. 

Jacoby’s “ Structural Details ; Design of Heavy Framing,’ John Wiley & Sons, gives data 
and details of the design of timber trestles and timber structures, and is the best book on tim- 
ber construction. Every engineer interested in the design of timber structures should have a 
copy of Jacoby’s “ Structural Details.” 


* Adopted, Am. Ry. Eng. Assoc., Vol. 10, 1909. 
fT Partially air-dry. / = length in inches. d = least side in inches. 


GHAPTER VIL. 
STEEL BINs. 


Stresses in Bin Walls.—The problem of the calculation of pressures on bin walls is similar 
to the problem of the calculation of pressures on retaining walls; but in the case of bin walls the 
material is limited in extent and the condition of static equilibrium is disturbed by drawing the 
material from the bottom of the bin. For plane bin walls where the plane of rupture cuts the 
free surface of the material (shallow bins), the formulas developed for retaining walls are directly 
applicable if friction on the wall is considered. The graphic solution will be found the simplest 
and most direct for any particular case. The following analyses of the calculations of stresses in 
bins have been abstracted from the author’s ‘‘The Design of Walls, Bins and Grain Elevators,” 
second edition. 

STRESSES IN SHALLOW BINS.—The problem of the calculation of the pressures on 
bin walls is the same as the problem of the calculation of pressures on retaining walls. The forces 
acting on bin walls depend upon the weight, angle of repose, moisture, etc., of the material, which 
are variable factors, but are less variable than for the filling of retaining walls. ; 

Algebraic Solution.—The same nomenclature will be used as in retaining walls except that es 
will be used to indicate the pressure obtained by means of Cain's formulas when z = ¢’, WN’ will 
indicate the normal component of P’, and N will indicate the normal pressure on the wall when 
¢’ =0._ This analysis applies to shallow bins, only.* 


Case 1. Vertical Wall, Surface Level. Angle z = ¢’. Fig. 1. 


aids Gina + ¢’) sin ¢ - 
cos ¢’ A Mek RE aw 
= P’-cos ¢’ (2) 
If ¢’ = 
FERRO ee AEE 
iy (a +sin ¢V2)2 3) 
N’ = P’-cos ¢ (4) 


FIG ts 


If ¢’ = 0, which corresponds to a smooth wall, 
N = jw-h?-tan? (45° — 4/2) (5) 


* A shallow bin is one where the plane of rupture cuts the free surface of the filling. 
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TABLE I. 
CONSTANTS FOR STEEL PLATE Bins, CASE 1. 


Material. 


Bituminous coal........ 
Anthracite coal 


Case 2. Vertical Wall, Surface Surcharged at Angle 5. Anglez = ¢’. Fig. 2. 


Pl = jw-l? ors : ©) 
; snl dad) nls 22) 
ok (+4 cos ¢’-cos 6 
N! = P’-cos ¢! (7) 
If 56=¢ 
1 1gy. 7200S 
Pp. $w hi cag: (8) 
N’ = P'-cos ¢’ = 4w-h?-cos? (9) 
If ¢’ =0 
N = 3w-h?-cos? (zo) 


TABLE II. 
CONSTANTS FOR STEEL PLATE Bins, CASE 2. 6 = ¢. 


Material. 


Bituminous coal........ 
Anthracite coal 


Case 3. Vertical Wall, Surcharge Negative = 6. Angle z = ¢’. Fig. 3. 


Pi = dus! eas (a1) 
; sin (6 + 6’) sin (6 + 2) , 
gee? (; +4 cos ¢’-cos 6 
N' = P’-cos ¢’ (12) 


STRESSES IN SHALLOW BINS. 301 


ee 
cos? 
N= 
Ae 4 » ee ¢ sin (6 + ESSER (13) 
cos 6 


Fic. 3. 
TABLE III. 


CONSTANTS FOR STEEL PLATE BINS, CASE 3. 6 = — @. 


, 


2 ¢ 
Material. Degrees. | Degrees. 


Bituminous coal........ 35 
. os 

34 

40 


Case 4. Wall Sloping Outward. 0 <90°+¢'. Surface Level. Fig. 4. 


int (0-4) _- 
P! = 4yw-l? I 1) (14) 
% . i s sin (@ + ¢’) sing 
sin (¢’ + @) sin? 0 (: i af et sine) 


N’ = P'-cos¢ (15) 


Fic. 4. 


Case 5. Wall Sloping Outward. 0 <90°+¢’. Surface Surcharged. Fig. 5. 


sin? (@ — ¢) (16) 
bine E in (6 + ¢’) sin (@ — 8)\* 
sin (6 +0) sint o (1 + «|X @ +09 sin @ = 9) 


N’ = P’-cos ¢’ (17) 


P' =hw-h? 
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Case 6. Wall Sloping Outward. 6 >90°+¢'. Surface Level. Fig. 6. 
P = 3w-I?-tan? (45° — ¢$/2) 


Fic. 5. 
W = weight AABC = }w-tan6-h? 
E=VW+P 
= 4w-W?V tan? 6 + tant (45° — ¢/2) (18) 
tan (@ + 2 — 90°) = aa SS (19) 
Q = E-cos g 
T = E-sin 


1 
“@+z-90° 
FIG. 6; 


For a wall sloping outwards, and sloping surface the use of formulas is cumbersome and the 
calculations can be more easily made by graphic methods as explained on succeeding pages. 

Tables of Pressure on Vertical Bin Walls.—The normal pressure on vertical bin walls as 
calculated by the preceding formulas for bituminous coal, anthracite coal, sand, and ashes are 
given in Table IV, Table V, Table VI, and Table VII, respectively. In the tables column 1 gives 
the normal pressure for a smooth vertical wall and horizontal surcharge, while column 4 gives 
the normal pressure on a rough wall with an angle of friction = ¢’. Column 2 gives the normal 
pressure for a smooth vertical wall and a surcharge = ¢, while column 5 gives the normal pressure 
on a rough wall with an angle of friction = ¢’. Column 3 gives the normal pressure for a smooth 
vertical wall and a negative surcharge = — ¢, while column 6 gives the normal pressure on a 
rough wall with an angle of friction = ¢’._ It will be seen that the pressures in columns 2 and 5 
are identical. For a vertical wall with 6 = ¢, the normal pressures as given by Rankine’s and 
Cain’s formulas are identical. 

These tables have been taken from the author’s ‘‘The Design of Walls, Bins and Grain 


Elevators.” The tables of pressures and the formulas were first published in a modified form 
by Mr. R. W. Dull, in Engineering News. 


7. 
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* The total pressures are given for a wall one foot long in all cases. 
Note.—These tables apply to shallow bins only (bins where the plane of rupture cuts the 
free surface of the filling). For the calculation of the stresses in deep bins (bins where the plane 
of rupture cuts the side of the bin) see Chapter IX, Steel Grain Elevators. 


OO OND MPWOHH 


TABLE IV. 


ToraL PRessuRE IN PouNDS FOR Depts “h” For BitumMINoUS COAL. 
Watt OnE Foot Lone. 


w =50 lb., 6 = 35°. 


Smooth Wall, ¢’ = 0. Rough Wall, Angle of Friction 


150.75 
268 


418.75 


603 
821 
1,072 
1,357 
1,675 


2,027 
2,412 
2,831 
3,283 
3,769 


4,288 
4,841 
5.427 
6,047 
6,700 


75387 
8,102 
8,861 
9,648 
10,469 


11,323 
12,211 
13,142 
14,087 
15,075 
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TABLE V. 


ToraL PRESSURE IN Pounps FoR DeptH “h’” FOR ANTHRACITE COAL. 
Watt One Foot Lone. 


w= 52) lb., ¢ = 27°. 


Smooth Wall, ¢’ = 0. Rough Wall, Angle of Friction = ¢’ = 16°. 


Depth, h, 
in Feet. 


OCOMID NAWHH 


21 


PRESSURE OF SAND. 308 


TABLE VI. 


ToTAL PRESSURE IN PouNDS FOR DeEpTH ‘h” FoR SAND. 
WALL ONE Foot Lone. 


w= 90 lb., ¢ = 34°. 


Smooth Wall, ¢’ = 0. Rough Wall, Angle of Friction = ¢’ = 18°. 


2 


oD. 
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TABLE VII. 


ToTAL PRESSURE IN PouNDS FOR DeEptTH ‘“h’’ For ASHES. 
WALL ONE Foot Lone. 


w = 40 lb., ¢ = 40°. 


Smooth Wall, ¢’ = 0. Rough Wall, Angle of Friction = ¢’ = 31°. 


OOD OND NAPWDHD 
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STRESSES IN SHALLOW BINS, Graphic Solution.—The graphic solution will be given 
for two cases which frequently occur in practice. 

Graphic Solution. Hopper Bin, Level Full.*—The calculation of stresses in bins by means 
of graphics will be illustrated by the following problem taken from ‘‘The Design of Walls, Bins 
and Grain Elevators.’ A cross-section of the bin shown in Fig. 7 is filled with coal weighing 58 
Ib. per cu. ft., and having an angle of repose ¢ = 30°. The total pressure on the plane A-H is 

Seppe ne 
Pi = 4w-h Piaan¢ 3,130 lb. 
acting horizontally through a point 12 ft. below the top surface. Now, to find the pressure P, 
on the plane G—A, produce P, until it intersects the line 0. = the weight of triangle AWG =10,440 


y Surface of , 
Material 


Weight of Coal 56/bs. per cu.ft. 
Angle of Repose $=300 


d Y ¥ Lei 
B=31302 = PRE aig 


Fic. 7. 


Ib. at O, and by constructing O-1 = P: = 10,860 lb. >» is parallel to Ein Fig. 7. The normal 
pressure on A~g is 9,900 Ib. Now A-1 = 9,900 lb. acts through the center of gravity of triangle 
AG4, and is equal to the area of AG4 X w. The normal unit pressure at A is 733 lb. per sq. ft., 
and the normal unit pressure at B is 320 lb. per sq. ft. The normal pressure on A B acts through 
the center of gravity of the shaded area, and is N = 7,8501b. Also by construction E = 8,600 lb. 


The pressure on bottom A-—F is equal to 18 X 58 = 1,044 lb. per sq. ft. The pressure on the 
wall C-B is 


P; = jw? SS 620 Ib. 

Calculation of Stresses in Framework.—The loads on the bin walls are carried by a transverse 
framework as shown in Fig. 8, spaced 17 ft. o in. center to center. The loads at the joints act 
parallel to the pressures as previously calculated, and the loads can be calculated in the same 
manner as for a simple beam loaded with a similar loading. The stresses are calculated by graphic 
resolution and by algebraic moments as shown in Fig. 8 and Fig. 9. 

Hopper Bin, Top Surface Heaped.—The bin in Fig. 10 is heaped at the angle of repose, 
¢ = 30°. To calculate the pressure on side A—B, proceed as follows: Locate points G and H, 


* The calculations are made for a section of the bin one foot long. 
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K-40" ~~ He ---/020"--- se --1140"-—- 
Cc 1 


t 
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0 
Kees -----/8 
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Column 


S 
S Weight of Coal 56 Ibs. per cu.ft 
S Angle of Repose $= 50." 

Bin 17°O long. 


eo 
Stress Diagram 
Center of Mornents,£ « Left Side 
Stress GD. 
-6Dx 6.5 ~3520 x 8'=0 
GD =-4330 : 
Stress FCG. 
-FGx//'-3520x 8 =O 
FG =-2560 
Center of Moments ,F. 
Stress GH. 
-GHx 10° 3520x18-7040x 10" 65000X/3.5 =0 
GH =-/01100 
Stress GE. 
-GEx/0+4330%x8-5520x18-7040x10' 
-65000x/3.5=0 GE=-97700 


Center of (torments, G. 
Stress ED. 
-EDx/143520x 8 £0 
E£0D=+2560 
Stress FE. zs 
FEx7.4°5520x8-65000x10.5=0 
FE=+96000 
Stress AF. 
AFx/0 4 81200x3265000x/0.5 
-3520x8'0 Af=+4G700 X gd 


Algebraic Moments. 


Scale 


0 40000 


Colurn 230000 


i 
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and calculate the horizontal pressure P; = 7,680 Ib., acting on the plane H—K at 3 HK above H. 
Pressure P; was calculated by the graphic method. Produce P until it intersects at O the line 
of action of the weight of the triangle GH K acting through the center of gravity of the triangle. 
From 0 lay off O-1 = W = 19,900 lb., acting downwards, and from 1 lay off 1-2 = P; = 7,680 
Ib., acting to the left. Then O-2 = P2 = 21,300 lb. Now P2 = area triangle 6’GH-w, and 
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of “Data 


of 7 ia 
W074 Weight of Coal 58 /bs. per cv. fr. 
“ a2) t Angle of Repose $=50.° 
SSP 4 7 P=7680 Surcharge =6=350.° 
Va 
Fic. 10. 


E = area8’-B—A-5'-w = 11,340 lb. Force E acts through the center of gravity of area 8-B-A-5. 
The horizontal pressure on plane C-B = 1,400 lb. = area s’e’n’-w. The vertical pressure on 
the left-hand side of the bottom A-—F is 7,480 lb., acting through the center of gravity of the 
pressure polygon. The vertical unit pressure at A is 1,412 Ib. per sq. ft. 
STRESSES IN SUSPENSION BUNKERS.—The suspension bunker shown in (a) Fig. 11, 
carries a load which varies from zero at the support to a maximum at the center. If the bunker’ 
is level full the loading from the supports to the center varies nearly as the ordinates to a straight 
‘line, while if the bunker is surcharged the straight line assumption for loading is more nearly 
_ correct. i ; 
We will, therefore, assume that the loading of the bunker in (a) is represented by the tri- 
angular loading varying from p = zero at each support to a maximum of p = P at the center. 
Let / = one-half the span in feet; 
SS = the sag in feet; 
H = the horizontal component of the stress in the plate in lb. per lineal foot of bin; 
w = weight of bin filling in Ib. per cu. ft.; 
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T = maximum tension in plate in lb. per lineal foot of bin; 
V = reaction of the bunker in lb. per lineal foot of bin; 

C = capacity of bunker in cu. ft. per lineal foot of bin; 

B = origin of coordinates. 
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Now if the right-hand half of the bunker be cut away as in (6) and moments be taken about 


A, the moment will be " 
M=H-S (20) 


If the bunker be assumed as an equilibrium polygon drawn by using a force polygon, the bending 
moment at the center is equal to the pole distance multiplied by the intercept S. Therefore H 
must be equal to the pole distance of the force polygon. 

The following equations are deduced in the author’s “‘The Design of Walls, Bins and Grain 
Elevators.” 

Equation of the curve of the bunker 


y= (30-5 (21) 
Capacity of bunker level full 
C=H-S (22) 
‘ pie calculating P for any given bunker, since P is the maximum pressure for a triangular 
oading 
Pes (23) 
for a bunker level full 
P = 3S-w (24) 
also 
poet (25) 


—s 
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Vi C-w 
= 5S-]-w, for a bin level full (26) 
T= C-w]? 45 a (27) 
+ 4° 9S i 


The length of the curve of a suspension bunker is given in Table VIII. 


TABLE VIII. 


LenctH or ONE-Hatr Curve, L. 


Sag ratio = S/l. 5 Sag ratio = S/l. Length, L. 


1.457221 


1.611311 
1.719061 
1.858152 


(Go[=3HA]69 G9[b9 BS] Co] 


The curve may be constructed graphically as follows: In (c) Fig. 11 it is required to pass 


‘the curve through the points A and B. The loads 1, 2, 3, 4, etc., are laid off in the force polygon 


(d), and a pole O is taken. The equilibrium polygon A-B’ is then constructed in (c). Now we 
know from graphic statics that if two poles be taken for the force polygon in (d), and corresponding 
equilibrium polygons be drawn through A, the strings meeting on the same load will intersect on a 
line through A parallel to the line O-O’. Now D is determined by the intersection of rays D-B’ 
and D-B. The true curve is then easily constructed and pole O’ is located. 

If the bunker is surcharged by vertical walls as shown in (¢) the curve is extended until it 
meets the slope of the material, and the span and sag are to be used as shown. 

Deep Bins.—For the calculation of the stresses in deep bins, see the calculation of the stresses 
in grain bins, Chapter IX. . 

For methods of calculating the stresses in hopper bins with the top surface surcharged, and 
the calculation of the stresses in bin bottoms and circular girders, see the author’s ‘‘The Design 
of Walls, Bins and Grain Elevators.” 

Angle of Repose.—The angle of repose and the weights of different materials are given in 
Table IX. 

DATA.—For angles of internal friction, see Table IX, and for angles of friction on bin walls, 


see Table X. 
TABLE IX. 


WEIGHT AND ANGLE oF REPOSE or Coal, COKE, ASHES AND ORE. 


A Weight Lb. |Angle’of Repose . 
Material. per Cu. Ft. | ¢ in Degrees. UL BOELY 


Bituminous coal 35 Link Belt Machinery Co. 
Bituminous coal 35 Link Belt Engineering Co. 
Bituminous coal or Cambria Steel. 
Anthracite coal 27 Link Belt Machinery Co. 
Anthracite coal ; pi pe Link Belt Engineering Co. 
Anthracite coal fine as 27, K. A. Muellenhoff. 
Anthracite coal Sis Cambria Steel. 
Slaked coal Pie 45 Wellman-Seaver-Morgan Co. 
Slakedt coals set cere sei 5 375 Gilbert and Barth. 

- Cambria Steel. 


40 Link Belt Machinery Co. 


Ashes, soft coal...........- Ba Cambria Steel. 
Ore, soft iron. ....5.....-5- ate 35 Wellman-Seaver-Morgan Co, 
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Coal, ore, etc., will give an angle of ¢ = 40° if the material is dry, but if the material is wet 
the angle of repose may be increased to nearly 90°. 
Angle of Friction on Bin Walls.—The values in Table X may be used in the absence of more 
accurate data. 
TABLE X. 


ANGLE OF FRICTION OF DIFFERENT MATERIALS ON BIN WALLS. 


ial. Steel Plate. Wood Cribbed. Concrete. 
NHS ¢’ in Degrees. ¢’ in Degrees. ¢’ in Degrees. 


Bituminous coal 18 35 35 


Anthracite coal 16 25 27 
31 40 40 
25 40 40 
18 30 30 
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Yypical Section through Pockets. 
Fic. 12. COKE AND STONE Bins, LACKAWANNA STEEL Co. 


Self-cleaning Hoppers.—In order to have hoppers self-cleaning when the material is moist 


it is necessary to have the hopper bottoms slope at an angle considerably in excess of the angle of 
repose ¢ or angle of friction ¢’. 


Ore pockets on the Great Lakes are made with hopper bottoms at an angle of 48° 40’ to 


50° 45’, but the majority are at an angle of 49° 45’. 
chute at an angle of 40° and a wooden chute at an angle of 45°. Anthracite coal will slide down a 
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be dt4 


steel chute at an angle of 30° and down a wooden chute at an angle of 35°. 
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Fie. 13. ELEvation CrrcuLar STEEL OrE BIN ror OLD Dominion Copper MINING Co. 


§ DESIGN OF BINS.—Bins are usually subjected to sudden loads and vibrations and should 
be designed for two-thirds the allowable unit stresses for dead loads given in §§ 33 to 41, inclusive, 
in “Specifications for Steel Frame Buildings,’’ Chapter I. 

Bins are made of timber, of structural steel, or of concrete, or the different materials may 
be used in combination. 

FLAT PLATES.—The analysis of the stresses in flat plates supported or fixed at their edges 
is extremely difficult. The following formulas by Grashof may be used: The coefficient of lateral 
contraction is taken as 3. For a full discussion of these formulas based on Grashof’s ‘‘Theorie 
Der Elasticitat und Festigkeit” see Lanza’s Applied Mechanics. 

1. Circular plate of radius r and thickness t, supported around its perimeter and loaded with w 


314 


per square inch.—Let f = maximum fiber 


elasticity, 
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2. Circular plate built in or fixed at the perimeter. 


stress, y = maximum deflection, and Z = modulus of 


(28) 


' (29) 


(30) 


(31) 


3. Rectangular plate of length a breadth b, and thickness t, built in or fixed at the edges and 
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carrying a uniform load w per square inch.—Let fa be the unit stress parallel to a, fg be the unit 
stress parallel to b, and a > 8. 
: wea at-w-b? 


fo = Far + BF f- Tet OE (32) 
es atsbiew ) 
°=(G@ + 32E-F (33 
For a square plate a = 6, 
w:a? 
Shake (34) 
w-as 
SF  G.kP (35) 


The strength of plates simply supported on the edges is about 3 the strength of plates fixed. 
Plates riveted or bolted around the edges may be considered as fixed. 

For a diagram giving the safe loads on flat plates, see the author’s “The Design of Walls, 
Bins and Grain Elevators,” also see Part II. 

Buckle Plates.—Buckle plates are made by “dishing” flat plates as in Table 59, Part II. 
The width of the buckle W, or length L, varies from 2 ft. 6 in. to 5 ft.6in. The buckles may be 
turned with the greater dimension in either direction of the plate. Several buckles may be put 


{ 
ro oe 


ul 
peep ~Galv. Corr Stee! *20 ~ 'Granolithie 
Gast Se tea eae ee Bunker Plate~ SDL concreh 
r Porlins 5 lxG: Mate * ” ER! 
Q 10°5"b.t0b Is ae 
-} Teil, 9 dite SC Be WM [RS ~ Gal Corr Steel *22 Bx A Lxpanded Metal or 
y aR yi; ~6'ra* Similar Metal 
au A Y< -Gal.Corr.Steel *20 FS 
hs y A SS Detail showing methoa of fastening 
S ross Section of oy |s Ly Concrete lining to Bunker plate 
cen LEN 
{rp \--, 
51200 ps ji ae 
' ES Is G = ' 
. by ' 
, as | 
1 We A adtiedolts a! 
‘ LAS Sg 
‘ IS. SS 
%S Bay 8 
~~ ooisa ! 
CS mY : 
: aN: 
: . 
: i vo 
a a Ly cugln ge” 
Col. IS GEASS — ! L StI HE 
SSI", oy ris LEesere” 
Lacingl oprang = Girls L lz Ly 
Aus 40 Cross Section of Bunker House 


On line A-A” 
Note:- Stresses given in' thousands of pourids 
Fic. 15. Coat Bunkers, Rapip TRANSIT SuBwAy, NEw York, Ini NE 


in one plate, all of which must be the same size and symmetrically placed. Buckle plates are 
made + in., 3 in., 2 in. and 7% in. in thickness. Buckle plates should be firmly bolted or riveted 
around the edges with a maximum spacing of 6 in., and should be supported transversely between 
the buckles. The process of buckling distorts the plate and an extra width should be ordered and 
the plate should be trimmed after the process is complete. 
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Strength of Buckle Plates—The safe load for a buckle plate with buckles placed up, is approxi- 


mately given by the formula 
W =a4f-R-t : _ (36) 


where W = total safe uniform load in lb.; 
f = safe unit stress in Ib. per sq. in.; 
R = depth of buckle in in.; 
¢ = thickness of plate in in. 
Where buckle plates are riveted and the buckle placed down the safe load is from 3 to 4 times 
that given above. 

TYPES OF BINS.—The most common types are (1) the suspension bunker, (2) the hopper 
bin, and (3) the circular bin. 

Suspension Bunkers.—Suspension bunkers are made by suspending a steel framework from 
two side members, the weight of the filling causing the sides to assume the curve of an equilibrium 
polygon. The stresses in the plates of a true suspension bunker are pure tensile stresses. Steel 
suspension bunkers are commonly lined with a concrete lining about 13 to 33 in. thick, reinforced 


with wire fabric, to protect the metal of the bin. 
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Hopper Bins.—Hopper bins may be made of timber, steel, or reinforced concrete. A steel 
coke and stone bin, erected by the Lackawanna Steel Company, is shown in Fig. 12. These bins 
were divided into panels 12 ft. 6 in. center to center, with double partitions at each panel point, 
leaving a clear length of 11 ft. 6 in. The bins are lined throughout with 3 in. plates. - All rivets 
in the floor are countersunk. The gates at the bottom of the bin are cylindrical and are revolved 
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by a system of shafting and gears. There is an opening in the side of the drum, and when the 
drum is revolved this opening comes opposite the opening in the bottom of the bin and the drum 
is filled. The drum is then revolved and the material is dumped into the larries. 

Circular Bins.—Circular bins are made of both steel and reinforced concrete. A circular 
ore bin with a hemispherical bottom is shown in Fig. 13 and Fig. 14. 

EXAMPLES OF BINS. Steel Coal Bin for Rapid Transit Subway.—A cross-section of a 
1,000-ton suspension bunker built by the Rapid Transit Subway, New York City, is shown in 
Fig. 15 and Fig. 16. The bunker is supported on posts and is covered by corrugated steel. The 
bin is lined with a layer of concrete 3} in. thick, reinforced with expanded metal. The details of 
construction are plainly shown in the cuts. 
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Fic. 17. Hopper Bin CANANEA CONSOLIDATED Copper Co., CANANEA, Mexico. 
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Ore Bins for Cananea Consolidated Copper Company.—Detail drawings of a hopper ore 
bin built by the Cananea Consolidated Copper Company are shown in Fig. 17. The ore is coarse 
and heavy and is dumped from cars on the top of the bins. The ore is drawn off through gates 
on the bottom and is carried away onaconveyor. The side plates are + in. thick and are stiffened 
with channels spaced about 4 ft. apart. The hopper plates are 2 in. thick and are stiffened with 
10 in. channels. 
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Steel Coal Bins for Davis Coal and Coke Co.—The steel coal bin shown in Fig. 18 was designed 
by the American Bridge Company for the Davis Coal and Coke Co. for the coke ovens at Coketon, 
W. Va. The framework is made of structural steel and is covered with corrugated steel. The 
bin is lined with 3 in. oak plank spiked to timber spiking pieces which are bolted to the steel 
beams. ‘The bin is carried on plate girders each having a web plate 96 in. X ¢ in., and top and 
bottom flanges of two angles 6” X 6” X i”. The bin is filled by a belt conveyor passing over 
the top of the bin, as shown in Fig. 18. The coal is drawn from the bins through gates into cars 
and is hauled to the coke ovens. The capacity of the bin is 300 tons. 

References.—For the design of reinforced concrete bins, and for additional data and examples, 
see the author’s ‘The Design of Walls, Bins and Grain Elevators.” 


CHAPTER IX. 
STEEL GRAIN ELEVATORS. 


Introduction.—Grain elevators, or “‘silos,’’ as they are called in Europe, may be divided into 
two classes according to the arrangement of the bins and elevating machinery: (a) elevators 
which are self contained, with all the storage bins in the main elevator or working house; and 
(b) elevators having a working house containing the elevating machinery, while the storage is in 
bins connected with the working house by conveyors. The working house is usually rectangular 
in shape, with square or circular bins; while the independent storage bins are usually circular. 

With reference to the materials of which they are constructed, elevators may be divided 
into (x) timber; (2) steel; (3) concrete; (4) tile, and (5) brick. Steel grain elevators, only, will 
be considered in this chapter. For a complete treatise on the design of grain elevators, see the 
author’s ‘‘The Design of Walls, Bins and Grain Elevators.” 

STRESSES IN GRAIN BINS.—The problem of calculating the pressure of grain on bin 
walls is somewhat similar to the problem of the retaining wall, but is not so simple. The theory 
of Rankine will apply in the case of shallow bins with smooth walls where the plane of rupture 
cuts the grain surface, but will not apply to deep bins or bins with rough walls. (It should be 
remembered that Rankine assumes a granular mass of unlimited extent.) 

Stresses in Deep Bins.—Where the plane of rupture cuts the sides of the bin the solution for 
shallow bins does not apply. 

Nomenclature.—The following nomenclature will be used: 

¢@ = angle of repose of the filling; 
¢' = the angle of friction of the filling on the bin walls; 
» = tan ¢ = coefficient of friction of filling on filling; 
uw! = tan ¢’ = coefficient of friction of filling on the bin walls; 
= angle of rupture; = 
weight of filling in Ib. per cu. ft.; 
vertical pressure of the filling in lb. per sq. ft.; 
L = lateral pressure of the filling in lb. per sq. ft.; 
A = area of bin in sq. ft.; 
U = circumference of bin in ft.; 
R= A/U = hydraulic radius of bin. 

Janssen’s Solution.—The bin in (a) Fig. 1, has a uniform area A, a constant circumference U, 
and is filled with a granular material weighing w per unit of volume, and having an angle of repose 
¢. Let V be the vertical pressure, and L be the lateral pressure at any point, both V and L 
being assumed as constant for all points on the horizontal plane. (More correctly V and ZL will 
be constant on the surface of a dome as in (b).) 

The weight of the granular material between the sections of y and y + dy = A-w-dy; the 
total frictional force acting upwards at the circumference will be = L- U-tan ¢’-dy; the total 
perpendicular pressure on the upper surface will be = V-A; and the total pressure on the lower 
surface will be = (V + dV)A. 

Now these vertical pressures are in equilibrium, and 


Nes 
ll 


ll 


V:-A—(V+dWA + A-w-dy — L-U-tan ¢’-dy =0 
and 


“v= (w * L-tan ¢' 7 )dy (1) 
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Now in a granular mass, the lateral pressure at any point is equal to the vertical pressure 


times &, a constant for the particular granular material, and 
ees 


Also let A/U = R (the hydraulic radius), and tan ¢’ = yp’. 
Substituting the above in (1) we have 


keV 
dV=(w- +H) dy 
Now let 
ee 
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Integrating (3) we have 
log (w—n-V) =—ny+C 


Now if y = 0, then V = 0, and C = log w, and (4) reduces to’ 


im (#=**) ab aly 
ff Fi = a, 
and 
Meet) eles as 
w eny 


where ¢ is the base of the Naperian system of logarithms. Solving for V we have 
w 
re = (1 — ev) 
Substituting the value of m from (2), we have 
Wes me (1 — e*n'y/B) 
bee ‘ 
Now if # be taken as the depth of the granular material at any point we will have 
ya wk (1 — e-Fu/A/R) 


Rep! 
Also since 


(4) 


(5) 


(6) 


(7) 
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L=k-V 
= SF cr — bat aie) (8) 
Now if w is taken in Ib. per cu. ft., and R in ft., the pressure will be given in Ib. per sq. ft. 


For -deep bins with a depth of more than two and one-half diameters the last term of the 
right hand member of (8) may be omitted, and 


-R 
Le <a (9) 


Now both y’ and & can only be determined by OAT on the particular grain and kind of 
bin. For wheat and a wooden bin, Janssen found y’ = 0.3 and k = 0.67, making k-y’ = 0.20. 

Jamieson found by experiment that for wheat k = 0.6, and he found values in Table I for yp’ 
with wheat weighing 50 lb. per cu. ft. and having ¢ = 28°, uw = 0.532: 


TABLE I. 


COEFFICIENTS OF FRICTION »’ FOR WHEAT ON BIN WALLS. 
JAMIESON. 


Wheat Weighing 50 lb. per cu. ft., and Angle of Repose ¢ = 28 Degrees. 


Materials. Coefficient of Friction. 


Wiese Gi ee bef he on bongs Slo adenn 60 eo deo cudebetoerc aoc sagem 0.532 
Wheat on steel trough plate bin.... STE Rr ao toca cane 0.468 
Wheat on steel flat plate, riveted Aa boro ola faeces 0.375 to 0.400 


Wheat on steel cylinders, riveted. . A festa o os Be riacore ocreete 0.365 to 0.375 
Wheat on cement-concrete, smooth to rough. Dade oe SoS ou Stano ge 0.400 to 0.425 
Wheat on tile or brick, smooth to rough. ............ sees eeee ee ee ee 0.400 to 0.425 
Wheat on cribbed wooden bin. ... 20... cose eee eee terete ee ees 0.420 to 0.450 


Pleisner obtained the values of y’ as given in Table II, and of & as given in Table HE, 


TABLE II. 
COEFFICIENTS OF FRICTION oF GRAIN BIN WALLS. PLEISNER. 


Coefficient of Friction »’ = tan ¢’. 


Cribbed bin 


Ringed cribbed bin 
Small plank bin 

Large plank bin 
Reinforced concrete bin 


TABLE III. 
VaLurs or k = L/V ror WHEAT AND OTHER GRAINS IN DIFFERENT Bins. PLEISNER. 


Cribbed bin 0.4 to0.5 0.23 to 0.32 


Ringed cribbed bin 0.4 to 0.5 0.3 to 0.34 
Small plank bin 0.34 to 0.46 0.3 to 0.45 
Large plank bin : 0.23 to 0.28 
Reinforced concrete bin. . 
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TABLE IV. 
HYPERBOLIC OR NAPERIAN LOGARITHMS. 


SOBROMOUAMONG 


5. 
Bs 
5. 
5. 
5. 
5. 
5. 
i 
5. 
5. 
6. 
6. 
6. 
6. 
6. 
6 


tn 
000 


It will be seen in (8) that the maximum lateral pressure in a bin which must be used in the 
design of deep bins, is independent of &, and that therefore an exact determination of k is not very 
important. In calculating the values of V and L in (7) and (8), it is necessary to use a table of 


rs 
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natural or hyperbolic logarithms. A brief table of hyperbolic logarithms is given in Table IV. 
To find the hyperbolic logarithm of any number, using a table of Brigg’s or common logarithms, 
use the relation: The hyperbolic or Naperian logarithm of any number = common or Brigg's 
logarithm X 2.30259. 

The author has calculated the lateral pressures on steel plate bins, Fig. 2. 
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Fic. 2. LATERAL PRESSURE IN STEEL PLATE GRAIN BINS CALCULATED BY JANSSEN’S 
FoRMULA. ; 


To use Fig. 2 to calculate the pressures in rectangular bins, calculate the pressure in a circular 
or square bin which has the same hydraulic radius, R (R = area of bin + perimeter of bin), as 
the rectangular bin. 

It will be seen in Fig. 2 that the pressure varies as the diameters, where the height divided 
by the diameter isa constant. By using this principle the pressure for any other diameter within 
the limits of the diagram may be directly interpolated. 

Problem I. Required the lateral pressure at the bottom of a cement lined bin, Io ft. in 
diameter and 20 ft. high, containing wheat weighing 50 lb. per cu. ft. Assume p’ = 0.416, and 
k = 0.6, also R will = 2} ft., w = 50 lb., h = 20 ft., and k-p’ = 0.25. 

Now from (8) 


_ 50 X 2.5 — 0.25 x 202.5 
i= 0.416 ce tah Wat ct) 


= 300(t — ¢*) 


Now from Table IV the number whose hyperbolic logarithm is 2,00 is 7.40, and 


I 
L = 300 ( 1 — —— ), 
3 7.40 


= 260 Ib. per sq. ft., 
= 1.8 Ib. per sq. in. 
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German Practice.—Janssen’s formula is given in Hutte Des Ingenieurs Taschenbuch, as 
the standard formula for the design of grain bins. For wheat Janssen found that yu’ = 0.3, and 
k = 0.67, so that w’-k = 0.20. Using these values and changing to English units, we have for 
wheat, 

Ve w:R (1 — e70.2h/R) 
0.2 
or if d = diameter or side of bin, then 


V = §w-d(t — e08hld)” 
L=k-V 
which is the German practice. 

Load on Bin Walls.—The walls of a deep bin carry the greater part of the weight of the 
contents of the bin. The total weight carried by the bin walls is equal to the total pressure, P, 
of the grain on the bin walls, multiplied by the coefficient of friction uw’ of the grain on the bin 
walls. 

From formula (8) the unit pressure on a unit at a depth y will be 


1 = 2  — ebwtoiey (10) 
and the total lateral pressure for a depth y, per unit of length of the perimeter of the bin, will be 
y y wR 
= dy = ea ee IE 
P fi ta ise (x — e*-n/y/B) dy 
! PP wsk 


R R 
= — as yl 
7 [» ae GAY | | (11) 


Now the last term in (11) is very small and may be neglected for depths of more than two 
diameters, and 


-R i 
P= [> _ 7 | (approx.) (12) 
The total load per lineal foot carried by the side walls of the bin will be 
an ee Z 
P-p' =w-R [» - Z| (approx.) (13) 


For the total weight of grain carried by the side walls multiply (13) by the length of the cir- 
cumference of the bin. 

Formulas (12) and (13) may be deduced as follows:—The grain carried by the sides of the 
bin will be equal to the total weight of grain in the bin minus the pressure on the bottom of the 
bin. If P is the total side pressure on a section of the bin one unit long, then 


P-U-p' =w-A-y—A-V (a) 
=w-A-y— ara (1 — eeemhy/B) (b) 
and solving (0b) A ie 
Pee Se ES Pe eae 
pats [y- Bo - te | 6 
= a [» = Z| (approx.) (13) 


and the total load carried on a section of the bin one unit long will be found by multiplying P in 
(II) by v’, and 
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For example take a steel bin 10 ft. in diameter and 100 ft. deep; weight of wheat, w = 50 
Ib. per cu. ft.; angle of friction of wheat on steel, u’ = 0.375; angle of repose of grain on grain, 
w# = tan 28° = 0.532 (u does not occur in formula (13) but may be used in calculating an approxi- 
mate value of k = (1 — sin 28°)/(1 + sin 28°) = 0.37 which is a close approximation to k = 0.4 
which will be used). Then the load carried by the side walls per lineal foot will be from (13) 


(por [ is S| 
be 50 X 2.5] 100 Om 0.375 
10,416 lb. 


ll 


The total load on the entire bin walls will be 
P-p! X 31.416 = 327,635 lb. 
The total weight of wheat in the bin is } 
50 X 78.5 X 100 = 392,700 lb. 
and the total load carried by the bottom of the bin is 
392,700 — 327,635 = 65,065 lb. 


and the pressure on the bottom = V = 65,065/78.54. = 830 Ib. per sq. ft. From formula (7) we 
find that V = 830 lb. per sq. ft. 

EXPERIMENTS ON THE PRESSURE OF GRAIN IN DEEP BINS.—The laws of pressure 
of grain and similar materials are very different from the well known laws of fluid pressure. Dry 
wheat and corn come very nearly filling the definition of a granular mass assumed by Rankine in 
deducing his formulas for earth pressures. As stored in a bin the grain mass is limited by the 
bin walls, and Rankine’s retaining wall formulas are not directly applicable. 

If grain is allowed to run from a spout onto a floor it will heap up until the slope reaches a 
certain angle, called the angle of repose of the grain, when the grain will slide down the surface 
of the cone. Ifa hole be cut in the bottom of the side of a bin, the grain will flow out until the 
opening is blocked by the outflowing grain. There is no tendency for the grain to spout up as 
in the case of fluids. If grain be allowed to flow from an orifice it flows at a constant rate, which 
is independent of the head and varies as the diameter of the orifice. 

Experiments by Willis Whited,* and by the author at the University of Illinois, with wheat 
have shown that the flow from an orifice is independent of the head and varies as the cube of the 
diameter of the orifice. This phenomenon can be explained as follows: The wheat grains in 
the bin tend to form a dome which supports the weight above. The surface of this dome is 
actually the surface of rupture. When the orifice is opened the grain flows out of the space below 
the dome and the space is filled up by grains dropping from the top of the dome. As these grains 
drop others take their place in the dome. Experiments with glass bins show that the grain from 
the center of the bin is discharged first, this drops through the top of the dome, while the grain 
in the lower part of the dome discharges last. 

The law of grain pressures has been studied experimentally by several engineers within 
recent years. A brief resume of the most important experiments is given in the author’s “The 
Design of Walls, Bins and Grain Elevators,’ where after a careful study of all available experi- 
ments the author reached the following conclusions:— 

1. The pressure of grain on bin walls and bottoms follows a law (which for convenience will 
be called the law of “semi-fluids”), which is entirely different from the law of the pressure of fluids. 


* Proc. Eng. Soc. of West. Penna., April, 1901. 
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2. The lateral pressure of grain on bin walls is less than the vertical pressure (0.3 to 0.6 of 
the vertical pressure, depending on the grain, etc.), and increases very little after a depth of 25 
to 3 times the width or diameter of the bin is reached. 

3. The ratio of lateral to vertical pressures, k, is not a constant, but varies with different grains 
and bins. The value of k can only be determined by experiment. ; 

4. The pressure of moving grain is very slightly greater than the pressure of grain at rest 
(maximum variation for ordinary conditions is, probably, 10 per.cent). 

5. Discharge gates in bins should be located at or near the center of the bin. 

6. If the discharge gates are located in the sides of the bins, the lateral pressure due to moving 
grain is decreased near the discharge gate and is materially increased on the side opposite the 
gate (for common conditions this increased pressure may be two to four times the lateral pressure 
of grain at rest). 

7.. Tie rods decrease the flow but do not materially affect the pressure. ——- ‘ 

8. The maximum lateral pressures occur immediately after filling, and are slightly greater 
in a bin filled rapidly than in a bin filled slowly. Maximum lateral pressures occur in deep bins 
during filling. , 4 

9. The calculated pressures by either Janssen’s or Airy’s formulas agree very closely with 
actual pressures. : 

10. The unit pressures determined on small surfaces agree very closely with unit pressures 
on large surfaces. ; > 

11. Grain bins designed by the fluid theory are in many cases unsafe as no provision is made 
for the side walls to carry the weight of the grain, and the walls are crippled. 

12. Calculation of the strength of wooden bins that have been in successful operation shows 
that the fluid theory is untenable, while steel bins designed according to the fluid theory have 
failed by crippling the side plates. ; 

RECTANGULAR STEEL BINS.—For the calculation of the stresses in and the design of 
rectangular steel bins, see the author’s “The Design of Walls, Bins and Grain Elevators,” 
Second Edition. : 

CIRCULAR STEEL BINS.—In the designing of steel grain bins particular attention should 
be given to the horizontal joints, and to the strength of the bin to act as a column to support the 
grain. To calculate the thickness of the metal the horizontal pressure L is obtained from Jan- 
ssen’s formula, and then the thickness may be found by the formula t: 


ie a (14) 


where ¢ = thickness of the plate in in.; 
L = horizontal pressure in Ib. per sq. in.; 
d = diameter of bin in in.; 
S = working stress in steel in Ib. per sq. in.; 
f = efficiency of the joint. 
The unit stress S may be taken at 16,000 Ib. per sq. in., and f will be about 57 per cent for a 
single riveted lap joint, 73 per cent for a double riveted lap joint, and 80 per cent for double 


riveted double strap butt joints. . For the efficiency of riveted joints, see Table Ila, Chapter XI. ; 
The allowable stresses given for the design of steel mill buildings should be used in design. © 


These allowable stresses are as follows: Tension on net section 16,000 lb. per sq. in.; shear on 
cross-section of rivets 11,000 Ib. per sq. in.; bearing on the projection of rivets (diameter X thick- 


ness of plate) 22,000 lb. per sq. in. Compression in columns P = 16,000 — 7ol/r where P = unit ; 


stress in Ib. per sq. in., 7=length of member and r=radius of gyration of the member, both in inches. 

Rivets in Horizontal Joints.—The side walls carry a large part of the weight of the grain in 
the bin and this should be considered in designing the horizontal joints. The weight of the 
grain supported by the bin above any horizontal joint can be calculated as shown in the following 
example: Assume a steel plate bin 25 ft. in diameter, and it is required to calculate the grain 
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‘supported by the bin walls above a horizontal joint 75 ft. below the top of the grain. From 
“equation (13) the grain carried by the bin walls per lineal foot of circumference of bin, where 
w = 50 lb. per cu. ft.; n’ = 0.375; & = 0.40, also R = 25/4 = 6.25, and 


6.25 
4 -woxees[1s~agSi 
P-p! = 50 X 6.25 | 75 0.4 X 0.375 
10,415 lb. 


The weight of the steel bin above the joint may be taken as 1,250 lb. per lineal foot of joint. 
- The horizontal riveting should then be designed for a shear of 11,665 lb. per lineal foot of joint. 
Assume that the plates are 3 in. thick and the rivets $ in. in diameter. For allowable stresses of 
16,000 lb. per sq. in. in tension, 11,000 Ib. per sq. in. in shear, and 22,000 lb. per sq. in. in com- 
pression; then, Table114, Part II, the value of a $ in. shop rivet in single shear = 4,860 lb., and a 
field rivet is 3 of 4,860 = 3,240 lb., and in compression = 6,190 lb. for shop rivets and = 4.127 
Ib. for field rivets. For a lap joint therefore the spacing should not be greater than 3,240 X 12 
+-11,665 = 3.25 in., requiring but one row of rivets. 

Stresses in a Steel Bin Due to Wind Moment.—If M is the moment due to the wind acting 
-on the bin above the horizontal joint, then the stress per lineal foot of joint due to wind moment 
will be ~ : 

4M 

but I = $7-d' (approx.) and S = +— (15) 


a +d? 


M-d 
ear 
where all dimensions are in feet. For a wind load of 30 Ib. per sq. ft. on two-thirds of the tank 
(20 |b. per sq. ft. on the entire surface of the tank) the wind stress will be S = 2,865 Ib. per lineal 
foot. The spacing therefore should not he greater than 3,240 X 12 + (11,665 + 2,865) = 28 in. 
Stiffeners.—In large circular steel bins the thin side walls are not sufficiently rigid to support 
the weight of the grain and it is necessary to supply stiffeners. For this purpose angles or Z-bars 
may be used. Experience has shown that bins in which the height is equal to or greater than 
about 2% times the diameter do not need stiffeners. There is at present no rational method for 
the design of these stiffeners or the stiffeners in plate girders. In Fig. 9 will be seen the details 
of a steel bin of the Independent Steel Elevator with Z-bar stiffeners. Angle stiffeners were 
used in the bins of the Electric Elevator, Minneapolis, Minn. 
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Fic. 3. PLAN oF STEEL STORAGE BINS, FOR A STEEL ELEVATOR. 


Circular steel bins are used for storage in large elevators and may be used for a complete 

. elevator as in Fig. 3. The space between the bins is sometimes used for auxiliary storage. The 
circular bin walls are stiffened by means of vertical channels, and the auxiliary bins are cross-braced 

_ with steel rods. Complete details of circular steel bins for the Independent Elevator, Omaha, 


Neb., are shown in Fig. 9. 
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e 

Steel Country Elevator.—General plans of a steel grain elevator for the Manhattan Milling 
Co., designed and constructed by the Minneapolis Steel & Machinery Co., Minneapolis, Minn., 
are given in Fig. 4. This elevator could easily be changed to a shipping elevator by putting ina 
wagon dump. Grain is run from the cars into the boot of the receiving leg, and is then elevated 
and conveyed by a screw conveyor to the large storage bins, or is run into the temporary storage 
bins, then cleaned and elevated and conveyed to the storage bins by the screw conveyor. The 
bins are built of steel plates, and the working house is built of steel framework covered with cor- 
rugated steel. This elevator has a capacity of 76,300 bushels but the scheme can be used for a 
30,000 to 40,000 bushel elevator for either shipping or for milling purposes. 

THE INDEPENDENT STEEL ELEVATOR, OMAHA, NEB. General Description.— 
This elevator consists of a steel working house having a bin capacity of 240,000 bushels and 8 steel 
storage bins having a storage capacity of 100,000 bushels each, making a total storage capacity of 
1,040,000 bushels. 

The steel working house is 64 ft. X 70 ft., with 14 ft. sheds on two ends and one side, as 
shown in Fig. 5. The sub-story of the building is 26 ft. The bins are 64 ft. 4 in. high, as shown 
in Fig. 6, and are supported on steel columns, as shown in Fig. 6 and Fig. 7. The spouting story 
is 24 ft. 6 in. high; the garner and scale story is 26 ft. 6 in. high; and the machinery story is 13 
ft. 8 in. high. The walls below and above the bins are covered with No. 24 corrugated steel laid 
with 14 corrugations side lap and 3 in. end lap. The roof is covered with No. 22 corrugated steel 
laid directly on the steel purlins with 2 corrugations side lap and 6 in. end lap. 

On the first or working floor the floor between the tracks is made of 4 in. plate bolted to the 
beams, while the remainder of this floor is made of concrete filled in above concrete arches which 
rest on the flanges of the beams with a finish 14 in. thick of Portland cement mortar consisting 
of one part cement to one part clean, sharp sand. The concrete is composed of one part Portland 
cement, two parts sand, and five parts crushed stone. 


/~Convyor Gallery 


1 6409-21265 te -----=-r- 7 Spaces © 46°0® 322'0 Oe a ae 
: CA Piet 
Ws spsorse nest ===~ 
Spey hee ee S 
eee : 
1 eee = 


= —h7 
5 ' UQytside of Corr-Iron Shipping Track 
z UAwning |4°6 64-0" 
(9-0'tn Clear to Base of Fail 


Fic. 5. PLAN OF INDEPENDENT ELEVATOR. 


The floor of the cupola throughout the different floors and in the gallery leading over the 
bins is made of No. 24 corrugated steel resting on steel framework, and covered with 3 in. of con- 
crete and a one-inch finish of one to one Portland cement mortar troweled smooth. All doors 
are of the rolling steel type. The window frames were made of 2 in. X 6 in. timbers and are 
covered with No. 26 sheet steel. All windows are provided with 1{ in. checked rail sash and are 
glazed with double strength glass. 

Painting.—All steel work of every description was painted with one coat oxide of iron paint 
at the shop and a second coat after erection. The tank plates and corrugated steel were painted 
on the exterior surface only after erection. 

Bins.—The eight steel storage bins are 44 ft. in diameter and 80 ft. high, have a capacity of 
100,000 bushels and rest on separate concrete foundations. The bins are constructed of steel 
plates stiffened with Z-bars, as shown in Fig. 9. The bins are covered with a steel plate roof, 
Fig. 12, supported on roof trusses, as shown in Fig. 11 and Fig. 13. A conveyor gallery 10 ft. 
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wide and 8 ft. high extends from the working house over the bins. A conveyor tunnel extends 
from the working house under the bins. The rivet spacing in the circular bins is shown in F ig. 9. 

The bins in the working house are arranged as shown in Fig. 8, and are constructed of plates, 
as shown in Fig. 6 and Fig. 7. The bins, 14 ft. X 16 ft., are braced in the corners with angle 
braces spaced 5 ft. centers vertically, and of the sizes shown in Fig. 8. The large bins are also 
braced with § and -in. round rods spaced 5 ft. apart as shown. All the smaller bins are braced 
with 3-in. round rods spaced 2 ft. 6 in. apart as shown. Vertical angles in the sides of the bins 
are provided, as shown in Fig. 6, Fig. 7, and Fig. 8. 
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EQUIPMENT.—There are two stands of receiving elevators with receiving pits on either 


side. These elevators have 22-inch 6-ply belts and 20 in. X 7 in. X 7 in. buckets spaced 14 in. ~ 


apart; the receiving pits are covered with steel grating, and a pair of Clark’s automatic grain 
shovels are located at each unloading place. These elevators are driven with an electric motor 
of 100 H. P., each elevator being driven with a clutch and pinion so that the elevator may be 
stopped and started at will. 

There is one stand of shipping elevators constructed in the same manner, having a 26-in. 
6-ply belt and 2 lines of 12 in. X 7 in. X 7 in. buckets spaced 14 in. apart. 
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There are two stands of cleaning elevators with 14-in. 6-ply belts with 12 in. X 6 in. X 6 in. 
buckets spaced 12 in. apart. ; 

There are also two screenings elevators with 9-in. 5-ply belts with 8 in. X 5 in. X 5 in. 
buckets spaced 12 in. apart. 

The shipping, screenings, and cleaner elevators are driven from a line shaft which is driven 
by a 100 H. P. motor, each elevator being driven by a core wheel and pinion. 

Three scale hoppers, having a capacity of 1,800 bushels, are located in the cupola, and three 
garner hoppers of 1,800 bushels capacity are located above the scale hoppers. 

The main line shaft on the first floor is driven by a 170 H. P. motor. 

A car puller capable of moving 25 loaded cars is provided. 

Elevators.—The boots of the receiving and shipping elevators rest in water-tight steel boot 
tanks made of 3;-in. steel plates. The elevator boots are made of 3%-in. steel plates, the boot pul 
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leys having a vertical adjustment of 8 inches. The elevator cases are made of No. 12 steel up to 

- the bins, and of ;4;-in. plates in the bins, and No. 14 steel above the bins. The cases are strength- 
ened by angles at the corners. The elevator heads are made of No. 14 steel. At each receiving 
elevator is a large elevator. pit extending from the leg back to the center of the track. This pit 
is constructed of beams and 3-in. plates and is covered with a grating of 1{ X 4-in. bars spaced 
ti in. apart. 

The elevator buckets are ‘‘ Buffalo” buckets; those for the receiving elevators are 20 in. X 7 
in. X 7 in.; for the shipping elevators two lines of 12 in. X 7 in. X 7 in. buckets; for the cleaning 
elevators one line of 12 in. X 6 in. X 6 in. buckets; and for the screenings elevator one line of 
8 in. X 5 in. X 5 in. buckets. The buckets in the receiving, shipping and cleaning elevators 
are spaced 14 in. apart, while those in the screenings elevator are spaced 12 in. apart. 

The elevator belts in the receiving elevators are 22 in. wide and 6-ply, the shipping belts 
are 26 in. wide and 6-ply; the cleaning belts are 14 in. wide and 6-ply, and the screenings belts 
are 9 in, wide and 5-ply. The belting is made of 32 ounce duck and is first-class. 


Root Framing Plan for Tanks. 


Fic. 11. FRAMING For Roor or CrrcuLAR Bins, INDEPENDENT ELEVATOR. 


Spouts.—The building is provided with a complete system of spouts. The general distrib- 
uting spouts from the scales to the shipping spouts are double-jointed Mayo spouts. There are 
three shipping spouts which are provided with telescoping bottom sections. All bin bottoms 
are provided with a revolving spout with a cut-off gate operated with a rack and pinion, with 
cords leading to within reaching distance of the floor. 

Conveyors.—The conveyor belt leading from the working house over the bins is a 36 in. 
4-ply conveyor belt, is carried on disc rolls consisting of 3 straight-faced 6-in. pulleys and 2 special 
discs; the discs run loose on the shafts, which are 13%-in. diameter and are spaced 5 ft. centers. 
The return rolls are 5-in. straight-faced rolls spaced 15 ft. centers. At each point in the elevator 
where grain is loaded onto the belt there are two pairs of special concentrating rolls. Movable 
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trippers provided with spouts are provided, so that grain may be discharged on either side of the 
belt. The entire conveyor is carried on a steel framework. The conveyor belt is driven by a 
4o H. P. motor. The conveyor in the tunnel leading from the storage tanks to the working 
house is of the same type as the conveyor above the bins, and is supported on a steel framework, 
except that the top or carrying rolls are all of the concentrating types, as shown in Fig. 10. The 
concentrating rollers are composed of two straight-faced rolls from the main shaft, and two 
concentrating rolls meeting at an angle of 45° to the straight rolls. The lower conveyor is driven 
by a rope drive from the main line shaft in the working house. 
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Scale Hoppers.—There are three scale hoppers of 1,800 bushels capacity, each mounted 
on a Fairbanks-Morse and Company’s scales, having a capacity of 84,000 lb., and have steel 
frames. The hoppers have 35-in. steel plate sides, and }-in. plate bottoms, stiffened with angle 
irons, and are tied together with tie rods. Each hopper is provided with a 22-in. cast iron outlet 
with a steel plate cut-off gate. 

Garners.—A steel garner hopper is placed directly over each scale hopper. The garners 
have a capacity of 1,800 bushels, and are constructed with 3%-in. side plates and 7-in. bottom 
plates. The bottoms of the garners are hoppered to four openings, which are provided with gates 
sliding on steel rollers. i 

Cleaning Machines.—A large size cleaning machine and a large size oat clipper are provided. 
These machines are connected with a large dust collector which discharges the dust from the 
cleaning machines and from the sweepings outside of the building. 

Car Puller.—A car puller having a capacity of 25 loaded cars is provided. The car puller 
has two drums, each provided with 400 ft. of §-in. crucible steel cable. 

Shovels.—A pair of Clark automatic grain shovels, with all necessary counterweights, sheaves, 
scoops, etc., are provided. 

The total weight of steel in the elevator is 1,700 tons; approximately 900 tons in the working 
house, and 800 tons in the circular bins and conveyors. 

The total cost was $205,000, of which the 8 steel bins and conveyors cost $80,000. 


COST OF STEEL GRAIN ELEVATORS.—The following costs of steel grain elevators have 
been taken from the author’s ‘‘ The Design of Walls, Bins and Grain Elevators,” which also gives 
costs of reinforced concrete and tile bins, and timber grain elevators. The total cost of the steel 
grain elevator of the working house type, constructed by the Great Northern Railway at 
Superior, Wis., was 39.65 cts. per bushel of storage. The elevator had a storage capacity of 
3,100,000 bushels, and the steel weighed 7 Ib. per bushel of storage capacity. The Independent 
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Elevator cost 9} cts. per bushel storage capacity for the steel bins,and 54 cts. per bushel storage 
capacity for the working house. A steel country elevator having four steel tanks, 17} ft. diam- 
eter and 30 ft. high, with an interspace bin and a conveyor shed, and having a storage capacity 
of 30,000 bushels, weighed 3 Ib. per bushel of storage capacity. The shop cost and cost of erec- 
tion of the structural steel was $15.00, and $19.00 per ton, respectively. 
References.—For the design of reinforced concrete grain bins and elevators, and for additional 
_data and examples, see the author’s ‘‘The Design of Walls, Bins and Grain Elevators.” 


CHAPTER X. 
STEEL HEAD FRAMES AND COAL TIPPLES. 


Types of Head Works for Mines.—The design of the head works for a mine depends upon 
the material which is to be hoisted, upon the depth of the mine, the inclination of the shaft, the 
rate of hoisting, the amount to be hoisted at one time, the treatment of the ore or coal after being 
hoisted, and upon the material used in the construction of the structure. Head works for mines 
may be divided into three classes: (1) head frames; (2) rock houses; (3) coal tipples. 

The first head frames were constructed of timber; the most common type being the 4-post 
head frame. The square or rectangular mine tower was cross-braced and the sheave supports 
were made of heavy timber. The back brace was inclined and was placed between the hoisting 
rope and the line of the resultant of the stress in the hoisting rope. 
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Steel head frames vary in design to suit local conditions and the ideas of the designer. The 
A-frame in Fig. 1 is the most satisfactory type where conditions permit of its use. It is simple 
in design and economical of material; the stresses are statically determinate, and it can be easily 
and effectively braced, making a very rigid frame. The 4-post frame in Fig. 2 is the type to use 
when it is necessary to hoist from several compartments of a shaft not ina single line. It is also 
used for coal tipples and double compartment shafts. The 4-post frame is not so economical of 
material as the A-frame; is more difficult to brace effectively, partly for the reason that part of 
the bracing in the tower must be omitted to permit the dumping of the ore or coal, and in addition 
the stresses are statically indeterminate. The frame shown in Fig. 3 is a modification of the 
A-frame used for an inclined shaft. Several early head frames in the coal fields of Pennsylvania 
were built on the lines of the frame shown in Fig. 4. This type of frame has no points of merit 
and is practically obsolete. 

For an elaborate discussion of the design of head frames, coal tipples, and other mine struc- 
tures, see the author's ‘‘ The Design of Mine Structures.” 

METHODS OF HOISTING.—In hoisting from inclined or vertical shafts, the hoisting 
engine is placed at some distance from the mouth of the shaft, the cable passes up over the sheave 
at the top of the head frame and into the shaft. The rope, if round, is carried on a smooth or a 
grooved hoisting drum, and if flat, is carried on a hoisting reel. The maximum working load on 
the rope occurs when the loaded skip or cage is being hoisted from the bottom of the shaft. The 
working load then consists of the skip or cage, the load, the accelerating force, the weight of the 
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rope itself, and the friction of the rope on the sheave and drum and of the skip or cage in the 
guides. ‘ 

With round ropes the hoisting drum for deep mines is commonly made conical, the small 
diameter being used when the load is at the bottom of the shaft. Flat ropes are wound on a reel, 


Shatt 
oe eee 


Fic. 4. 


so that the small diameter is used when the load is at the bottom of the shaft, the diameter of 
the reel increasing as the rope is wound up. The required height of the head frame depends 
upon (1) the room required for screening, crushing and handling the coal or ore; (2) the speed 
of hoisting—with rapid hoisting it is necessary to have a height from the landing to the sheaves 


-Sheave 


Hosting Drum 


of from two to three times the height of the cage or skip or a full revolution of the drum to prevent 
over winding, and. (3) the desired location of the hoisting engine. With a given height of head 
frame h, the distance d, Figs. 1 to 5, depends upon the diameter of the sheave, the diameter of 
the rope, and whether the rope is round or flat. The sheave should be as large as can conveniently 
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be used, as the larger the sheave the longer the life of the hoisting rope. The inertia of a large, 
heavy sheave, however, with rapid hoisting may kink the rope and cause excessive wear. The 
bending stresses in flat ropes for a sheave of given diameter are less than in round ropes having 
equal strength, but the life of flat ropes is less than for round ropes. Flat ropes are wound on 
reels which are at all times in line with the head frame sheave, while round ropes are wound 
on a drum so that the horizontal angle between the center line. of the sheave and the cable is 
continually changing. The distance, d, for flat ropes can then be less than for round ropes. 
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Fic. 6. GILBERTON STEEL HEAD FRAME. 


Hoisting from mine shafts is commonly done in two compartments of the shaft at the same 
time, the unloaded skip or cage descending as the loaded skip or cage ascends. This is known as 
hoisting in balance or counterbalance. There is a considerable saving in power in hoisting in 
balance. To hoist in balance it is necessary to take ore from one level with both skips unless the 
Whiting system is used. When a round rope winds off the drum it makes an angle with the 
groove in the sheave on the head frame and the friction increases the tension in the cable and 
also reduces its life. To reduce the friction and wear the hoisting engines are placed at a con- 
siderable distance back from the head frame. 

The head frame may be placed so that the sheaves are parallel, as in Figs. 1 to 4, or so that 
the sheaves are in tandem, as in Figs. 5 and 6. With the latter method it is necessary to place 
the hoisting engine farther from the shaft than where the sheaves are in parallel. Where the 
hoisting engine is placed well back from the shaft it becomes necessary to support the hoisting 
rope on idlers, as shown in Fig. 6. Where mines have three compartment shafts, ore is commonly 
hoisted from but two compartments, the third compartment being used for pumps, pipes, etc. 
This arrangement makes it necessary to place the head sheaves so that they will not be sym- 
metrical with the center line, bringing heavier working stresses on one side of the head frame 
than on the other side. 

Hoisting from Deep Mines.—In deep mines the rope in the mine becomes a large part of 
the load and various methods have been used to counterbalance the weight of the rope. Four 
methods for obviating the difficulty just mentioned have been used: (1) the Koepe system; 
(2) the Whiting system; (3) modifications of (1) and (2), and (4) by the use of a taper rope. These 
methods are described in the author’s ‘‘The Design of Mine Structures.” 

HOISTING ROPES.—Round hoisting ropes are commonly made of six strands, each of 
which is formed by twisting nineteen wires together, the strands being wound around a hemp 
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center. Wire strands are twisted around the core either to the right or the left, and the resulting 
rope is either “right lay” or “left lay.” The twist may be long or short; the shorter twist forms a 
more flexible rope, while the longer twist forms a more rigid rope. Wire rope is made of iron, 
open-hearth steel, crucible steel, and plough steel. The strength of the wire from which the 
rope is made is about as follows: iron wire, 40,000 to 100,000 Ib. per sq. in.; open-hearth steel 
wire, 50,000 to 130,000 Ib. per sq. in.; crucible steel wire, 130,000 to 190,000 Ib. per sq. in.; and 
plough steel wire, 190,000 to 350,000 !b. per sq. in. Hoisting ropes are usually made of crucible 
cast steel or plough steel. 

Flat wire rope is composed of several round ropes whose diameter is equal to the required 
thickness of the flat rope, laid side by side and sewed together with iron or annealed cast steel 
wire. The round ropes are alternately of right and left lay or twist, have four strands without 
either hemp or wire center. The number of wires in each strand is usually seven, but may be 
nineteen. The chief drawbacks to the use of flat wire rope are its first cost and the rapid wear 
of the sewing wires. s 

Flat ropes and reels are used to a limited extent in the western part of the United States, while 
round ropes are generally used in hoisting coal and in the deep copper and iron mines in Michigan. 

Strength of Wire Rope.—The dimensions, weight and strength of round crucible steel hoisting 
rope are given in Table I, while similar data for plough steel hoisting rope are given in Table II. 
The strengths of wire rope given by the different makers differ somewhat. 


TABLE I. 


Cast Street Horstinc Rove. ULTIMATE STRENGTH, WORKING STRENGTH AND WEIGHT OF 
Wire Rope ComposED oF 6 STRANDS AND A Hemp CENTER, 19 WIRES 
TO THE STRAND. 
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Working Load on Hoisting Rope.—The stresses in a hoisting rope are the sum of the stresses 
due to (1) the weight of the rope, (2) the friction of the rope, (3) the bending of the rope over the 
head sheave, (4) the live load, and (5) the impact due to starting and stopping the load. The 
stresses due to bending are discussed in the next section. The stresses due to impact vary from 
zero to twice the working load if the hoisting cable is taut, and to several times the working load 
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TABLE II. 


PLoucH STEEL HotstiINnG Rope. ULTIMATE STRENGTH, WORKING STRENGTH AND WEIGHT OF 
WIRE ROPE COMPOSED OF 6 STRANDS AND A HEMP CENTER, 19 WIRES 
TO THE STRAND. 


Approximate : Safe Working | Approximate Safe Working Minimum 
Diameter, In. Circumfer- Weight Load for Breaking Stress for Size of Drum 
ence, In. per Ft., Lb. ee L, Stress, Lb. Direct Pull, | or Sheave, Ft. 
D. 
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TABLE III. 


Cast SteEL Firat Horstinc Rope. ULTIMATE STRENGTH, WORKING STRESS AND WEIGHT OF 
FLAT WiRE ROPE CoMPOSED OF 4 STRANDS, 7 WIRES TO THE STRAND. 


Safe Working Approximate Safe Working Approximate Diame- 
Width and | Weight in Lb. Load for Breaking Stress for Di- ter in Inches of Round 
Thickness, In. |per Lineal Foot.) Hoisting, L, Stress, Lb. rect Pull, S, Cast Steel Rope of 
b. x Lb. Equal Strength. 
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if the cable is slack. If a descending cage should stick and then drop, the stress will be equal 
to the kinetic energy developed and will be very large. The load due to starting a cage suddenly 
from the bottom of a shaft may be taken as 


K=2W+R+F (1) 


where K = stress in Ib. at the sheave at the instant of picking up the load; 
W = gross load in lb.; 

R = weight of rope in lb.; 

F = friction in lb., = (W + R)f, where f = coefficient of friction, which may be taken 
at 0.01 to 0.02 for vertical shafts and from 0.02 to 0.04 for inclined shafts with the rope supported 
on rollers. The working load should not be greater than K plus the stress due to bending, and 
should not exceed 4 of the ultimate strength of the rope, or 3 of the ultimate strength for direct pull. 

For inclined shafts with angle of inclination with horizontal = 6, the stress in the rope due 
to starting the cage is 
K' = (2W+ R) sino + f(W + R) cos 6 (2) 


Bending Stresses in Wire Rope.—The stresses due to bending will depend upon the diameter 
of the rope, the make-up of the rope, the angle through which the rope is bent, and the diameter 
of the sheave. The unit stress due to bending in a round hoisting rope may be obtained from 
formula (3), the form of which is due to Rankine (‘‘ Machinery and Mill Work,” p. 533). 


d 
S' = 1,894,000 7 (3) 
where D = the diameter of the sheaves in inches, and d = the diameter of the rope in inches. 
The area of the steel in a round hoisting rope is approximately a = 0.4d?, and the total bending 


stress in a round rope will be 
3 


Sy Se 757,600 5 (4) 


Now the direct breaking strength of a crucible steel round rope is closely 
U = 60,0004? (5) 


Where bending stress is considered, the safe working load should not exceed of the ultimate 
strength, and the safe working load, L, should not exceed 
L = 20,000d? — 757,600 5 (6) 


The safe working loads for crucible steel round ropes based on formula (6) are given in Fig. 7.* 
For plough steel ropes the ultimate strength is U = 70,000d?, and 


L = 26,700d? — 757,600 © (6) 
Mr. William Hewitt in ‘‘Wire Rope,” published by the Trenton Iron Company, gives the, 


following formula for bending. 


Ss = ee 2 (7) 


1.035 +C 


where E = the modulus of elasticity of steel, a = the area of the rope in sq. in., D = the diameter 
of the sheave in inches, d’ = the diameter of the individual wires in inches, and C = a constant 


* Redrawn from a diagram prepared by Mr. E. T. Sederholm, Chief Engineer, Allis-Chalmers 
Company. 
f Also see Engineering News, May 7, 1896. 
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depending upon the rope, and varies from 9.27 for haulage rope to 27.81 for tiller rope. 
standard hoisting rope, C = 15.45. Substituting E = 29,000,000, 
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(8) 


Since d is very small as compared with the values of D used in hoisting, formulas (4) and (8) 
give practically the same results. : 
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The bending stresses in crucible steel flat ropes-are given in Fig. 8. 
Cages and Skips.—For details of cages and skips, see the author’s “The Design of Mine 
Structures.” 
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Sheaves and Safety Hooks.—For details and data on sheaves, safety hooks, etc., see the 
author’s ‘‘The Design of Mine Structures.” 

EXAMPLES OF STEEL HEAD FRAMES.—The detail plans for three steel head frames 
taken from the author’s ‘‘The Design of Mine Structures” are excellent examples of steel head 
frames. Data on 16 steel head frames are given in Table V. 
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Steel Head Frame for the Diamond Mine.—The details of the steel head frame of the 
Diamond mine are shown in Fig. 9. The Diamond head frame is 100 ft. high from the collar 
of the shaft to the center of the sheaves. The shaft is 2,800 ft. deep. The sheaves are 10 ft. 
in diameter and carry a 7 in. X } in. flat rope. The ore is hoisted in self-dumping skips with a 
capacity of 7 tons and weighing 33 tons, and is dumped into hoppers from which it is run directly 
into cars which pass beneath the head frame. The main front columns and back braces are 
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Fic. 9. STEEL HEAD FRAME FOR DIAMOND Mine, Burtt By THE GILLETTE-HERzoG MFre. Co. 


made of built-up sections consisting of one cover plate 20 in. X 7 in., two plates 18 in. X 7 in., 
4 angles 32 in. X 33in. X 2 in., with lacing bars on the inner side 4 in. X $in. The main diagonal 
bracing is made of two channels laced. The total weight of the structural steel in the head frame 
proper was 292,000 Ib., while the steel work in the bins weighed 26,000 Ib. At 40 cts. per hour 
the cost of shop labor on the structural steel was 1.09 cts. per lb. The cost of erection, everything 
being riveted, was $11.20 per ton. ; 

Steel Head Frame for the New Leonard Mine.—The steel head frame shown in Fig. 10 was 
built by the American Bridge Company for the New Leonard mine of the Boston & Montana 
Copper Company, Butte, Montana. The head frame is of the A-type, and is 140 ft. high from 
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the collar of the shaft to the center of the sheaves. The mine has a four compartment shaft, two 
of the compartments being used for hoisting ore. The mine is now 1,697 ft. deep, but the head 
frame was designed for an ultimate depth of 3,500 ft. The ore is hoisted in five-ton self-dumping 
skips with a single deck cage above the skip. The skips weigh 7,500 lb. each. Four-deck cages 
are used for hoisting men. The hoisting rope is 1} in. in diameter, a round hoisting rope being 
an innovation in the Butte district. The rate of hoisting is 2,800 ft. per minute. The skip ore 


bins have a capacity of 150 tons. From the skip ore bins the ore runs into railroad ore bins (not _ 


shown in Fig. 14), 26 ft. 9 in. wide by 150 ft. long, with a capacity of 1,500 tons. The sheaves are 
12 ft. in diameter, and are placed 5 ft. 10 in., center to center. 

The main posts are made of two channels 12 in. @ 203 lb., with a cover plate 16 in. wide 
and 3 in. and } in. thick, with lacing on the inner side. The back braces for the lower two 
panels are made of channels 12 in. @ 30 lb., with a plate 16 in. X # in.; the third section is made 
of two channels 12 in. @ 30 lb., with a plate 16 in. X 3 in., while the two upper sections are 
made of channels 12 in. @ 203 lb., laced on both sides. The main struts and diagonal braces are 
made of two channels, with battens top and bottom. The skip guides are made of two channels 
12ia.@203lb,. The main girder at the top of the back brace consists of one plate 36 in. X $ in., and 
four angles 4 in. X 4in. X }in. The skip bins are supported on columns made of two channels 
10 in. @ 15 lb., laced on both sides. Where two channels are used for a section, the flanges are 
turned out: The New Leonard head frame is one of the highest in the country, and is one of the 
best designed frames that has been constructed. The shipping weight of the structural steel in 
this head frame was 346,425 lb. E 

Tonopah-Belmont Steel Head Frame.—The Belmont shaft of the Tonopah-Belmont Mining 
Co., Tonopah, Nevada, is at present 1,420 ft. deep. It has three compartments, one for the 
ladder-way and pipes and two for hoisting. Double-deck cages of the Leadville type are used 
for hoisting, but the use of skips is contemplated later. The head frame, Fig. 11, is of the A-type, 
and the height is 75 ft. from the base to the center of the sheaves. The hoisting drum is placed 
100 ft. from the center of the shaft. 

TABLE IV. 


ESTIMATE OF WEIGHT OF 75-FT. STEEL HEAD FRAME, TONOPAH-BELMONT MINING Co. 


Weight in Lb. 4 Details in 
Member. age Nec Ber Cent of 
Main Members. i 4 Main Members. 


Back braces 9,170 13,320 
Front posts 3,590 6,380 

5,446 6,696 
Diaphragms 2,936 5,518 
Channels 1,790 2,230 
Angle struts 2,627 3,642 
Channel struts 3,263 5,442 
Stringers 1,466 6 2,079 
Angle bracing 8,065 10,344 
Steel girders 6,673 7,087 


BP OtAL He dele acacia aun 45,026 62,738 


The sheave wheels are of the bicycle pattern with a diameter of 84 in. at the center of the 
rope groove, and an over all diameter of 91 in. Each wheel has 16 spokes of 1% in. rolled iron 
rods. The spokes are cast at their inner ends into two rings 16 in. in diameter and 3 in. wide, 
so that they form integral parts of the hub, which is 12 in. in diameter and 16 in. long, while the 
outer ends are cast into bosses on the inside of the ring. The rolled steel shafts are 16 in, in 
diameter at the central portion with bearings 5 in. in diameter, and are 12 in. long. The rope 
grooves are turned in hard maple blocks fastened in a recess in the rim. The total weight of 
the sheaves is 2,950 lb. each. 
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The head frame is designed so as to give a factor of safety of 8 when there is on each sheave 
a load of 100,000 lb. - The head frame is sufficiently strong and rigid to permit of hoisting loads 
of 7 tons from a depth of 2,000 ft. at a speed of 1,000 ft. per minute without appreciable vibration 
during the most severe period of starting and acceleration. 


TABLE V. 
DaTA ON STEEL HEAD FRAMES. 


a =a re x | ae Weight of a Rate of a g 

S21 Ssalydgals od Se eae © | Hoisting. o& 
ee ee 2g ge c= & b> EH 
Description. $6 |Ga5\25.;| <2e| 32 Ss ate} 

g | MES) E O85) 85 S'S . 32 | Ft..|Tons| oo 

5 Spe| geh| O29) & Skip, | Cage,| 5 wy 
As |m |ae %| St | “tp. | Lb. | 2° | per | per | BS 
Min. | Day. iso! 


Sibley Mine, Ely, Minn... 


= 

aS 
ne 
fe) 
a] 
y 
I 

) 


Skips| 5,000|3,500 14,000|2,000] ... .|576,663 


2|High Ore, Butte, Mont... | 2,800 |100-0| 10-0 7X4 |Skips| 7,000] . .. .|14,000]1,000]1,200)292,000 
3|Diamond, Butte, Mont.. . | 2,800 {100-0} 10-0 7X4 |Skips| 7,000] . .. .|14,000|1,000]1,200}3 18,000 
4|New Leonard, Butte, 


FA taaerval g BR aan 1,679 |140-0| 12-0] 13 |Skips| 7,500) . ...|10,000)2,800) .... 346,425 


Inland Steel Co., Hibbing, 


IM Iiiong Hace ape reno 14 |Skips| 3,700] ....] 6,700] ....]....| 79,000 
Elkton, Elkton, Colo.....|..... 55-0] 5-0|32X8]----- ee Joa tie 


Cia. Minera de Penoles, 
Bermejillo, Mex.......| 1,000 | 90-0] 7-0 1} |Skips| 5,000] ....|10,000]....|....| 80,000 
8|Tonopah-Belmont, Tono- 


DAL SNGViess oie teat FABO 75-01 7—-Ole Teme reysi| isete ate sae eee: 1,000]... .| 63,000 
g|Copper Queen, Bisbee, ’ 

Ariz... cc ccsseeee+e++s| 1,700} 60-0] 7-0] 14 |Skips| 5,990] ...-| 3,700]... -|2,000) 35,250 
10|Union Shaft, Virginia, Nev.| 2,000| 50-0} 7-0] 1  |Cages|..... 1,200] 2,400]1,000} 500} 42,000 
11|Speculator, Butte, Mont..|.....| 50-0) 7-0 7% |Skips|....- Sel sain Jct «cece eS 
12|Basin & Bay State, Basin, 


AN, Rovot CO imeneRepee eae ....| 70-0] 10-0] TZ |Skips| .....) ese} sees e[ ere e| eres 79,000 


13|Steward, Butte, Mont....|...-.} 55) 7-O|.-.-- Skips}... .|....]10,000 
14/Anaconda, Butte, Mont. .| 2,400 | 58-8) 10-0 7X4 |Skips | 7,000] . . . . 514,000 
15|Quincy Rock House, No. 

2, Hancock, Mich...... 6,000 |119-3| 12-0] 13 |Skips}10,000) .... 168 


(in- cu. ft. 


St. Lawrence, Butte, Mont. 


The head frame was built by the Koken Iron Works, St. Louis, Mo., was made of structural 
steel furnished under standard specifications, and was fully riveted up in place with pneumatic 
hammers. The shipping weight of the structural steel was 63,000 Ib. 

The hoist is placed 100 ft. from the shaft, and is a Wellman-Seaver-Morgan double drum 
electric hoist with drums having 64 in. diameter and a face 36 in. wide between flanges. The 
hoist is designed to operate in or out of balance and is capable of handling a load of 12,000 Ib. 
at a speed of 1,000 ft. per minute. The hoisting rope is a six strand, nineteen wire, plow-steel 
rope, I in. in diameter, that weighs 1.58 Ib. per ft., and each rope is 1,700 ft. long. The diameter 
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of the drum at the hoist is 64 in., but the rope winds twice around the drum, so that the diameter 
is 66 in. near the end of the lift. With proper allowance for bending stresses the working stresses 


under the most severe conditions do not exceed the working load of 7.6 tons as given by the manu- — 


facturers of the wire rope. 

Estimate of Weight of a Steel Head Frame.—A summary of a detailed estimate of the 75 ft. 
steel head frame built by the American Bridge Company at Tonopah, Nev., is {given in Table IV. 
The details are 39.4 per cent of the weight of the main members. ‘The rivet heads are 4.1 per cent 
of the weight of the structure. 

For additional examples of steel head frames, see the author’s “The Design of Mine Struc- 
tures.” : 

COAL TIPPLES.—The design of a coal tipple depends upon the quality of the coal, upon 
whether the coal is hoisted from the shaft or is taken from a drift or tunnel, and upon the work 
that it is necessary to do in order to prepare the coal for the market. The coal tipple for a bitumi- 
nous mine in which the coal is hoisted from a shaft, consists of a head frame and a shaker structure 
or tipple proper where the coal is weighed and screened. A coal tipple for an anthracite mine 
ordinarily consists of a head frame with storage bins into which the coal is run without crushing 
or screening; the coal being prepared for market in a separate breaker building. Where bituminous 
coal is dirty or contains a large amount of refuse material it is sometimes cleaned in a washer 
building, or is broken, sized and cleaned in a coal breaker. 

With a double compartment shaft the shaking structure, or tipple proper, is usually placed 
with its axis at right angles to the center line of the two compartments. The hoisting ropes 
may be either parallel to the axis of the tipple, in which case the head sheaves are parallel; or 
may be placed at right angles to the axis of the tipple, in which case the sheaves are placed in 
tandem. The coal may be run through rotary screens, or over shaking screens as is now the 
common practice. Shaking screens are usually divided into sections and are driven by eccentrics 
placed 180 degrees apart. The shaking screens do not ordinarily weigh more than two to three 
tons empty or four to six tons when loaded, but are driven with a velocity of 100 to 150 strokes 
per minute, with a length of stroke of from 4 to 12 in. and the shaking motion makes it necessary 
to design the shaker structure with great care in order to reduce the vibration. The best modern 
practice in the design of coal tipples is to make the head frame and the tipple, or shaker structure, 
entirely separate and independent units. 

Sizing Coal—The object in sizing coal is to separate the dirt and slack from the coal, and 
to obtain a product that can be burned more advantageously than unsized coal. A compact 
coal will not admit the air and will burn on the surface, and it is therefore an advantage to have 
the lumps of approximately equal size. The sizes and names of the different grades of coal differ 
considerably in different localities. 

Types of Coal Tipples.—Coal tipples may be classed under three types, depending upon the 
manner in which the coal is brought to the tipple; (1) hoisting in cages or skips from vertical or 
slightly inclined shafts; (2) cage hoisting on an incline either from a shaft, or on a bridge, or from a 
tunnel; (3) conveyor hoisting either from the mine or from a head bin into which the coal has 
been dumped from cars or skips. : 

The design and operation of coal tipples will be illustrated by describing three steel coal 
tipples. (1) Steel Coal Tipple for the W. P. Rend Coal Company—vertical hoisting with self 
dumping cages and shaking screens; (2) Spring Valley No. 5 Steel Coal Tipple—vertical hoisting 
in cages, with Ramsey transfer and shaking screens; and (3) Phillip’s Coal Tipple—vertical 
hoisting with self dumping cages dumping into a storage bin. 

Steel Coal Tipple for W. P. Rend Coal Company.—The steel coal tipple for the W. P. Rend 
Coal Company, Rendville, Ill., has the head frame covering four tracks, with provision for four 
extra tracks on the opposite side of the center line of the head frame. The steel head frame is 
79 ft. 6 in. from the collar of the shaft to the center of the sheaves. The sheaves are 8 ft. in 
diameter and carry a 1 in. hoisting cable. 
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Operation of Coal Tipple—Detail plans of the shaking screens and tipple equipment are 
shown in Fig. 12. The coal is raised from the mine in self dumping cages and is dumped into two 
weigh hoppers having a capacity of four tons each. From the weigh hoppers the coal passes 
through a dump chute, and may be run directly into cars on the track or may be run over shaking 
screens. The first section of the shaking screens is 29 ft. 9 in. long, the top deck, having a length 
of 16 ft., has 3 in. round perforations; the middle, having a length of 18 ft., has 2 in. round perfora- 
tions, the bottom plate being solid. The upper deck of screens sloping toward the head frame 
has perforations 3} in. to 2 in. round; the second deck has perforations 23 in. to 3 in. round; the 
third plate deck has perforations } in. round, the bottom deck being solid. The coal passing 
over the 2 in. and 3} in. round perforations of the main screen may be run back over the shaking 
screens just described, or may be run over the second shaking screen 27 ft. 4 in.. long and 8 ft. wide. 
This shaking screen has a length of 8 ft. with perforations 6 in. in diameter. By making different 
combinations of the screens different grades of coal can be obtained, as is shown in Fig. 12, The 
shaking screens are carried on rollers 12 in. in diameter, which are operated by eccentric connecting 
rods with a 12 in. stroke. These rollers give the shaking screens a motion in two directions and 
give much more satisfactory results than the earlier method of suspending the shaking screens 
from overhead supports. The capacity of the tipple is 2,500 tons in eight hours. 

The tipple was designed and constructed by the Wisconsin Bridge & Iron Company, and 
the tipple equipment was furnished by the Link-Belt Company. 

Steel Coal Tipple at Spring Valley Shaft No. 5.—The steel coal tipple constructed at Spring 
Valley shaft No. 5, Spring Valley, Illinois, is one of the best examples of steel tipple construction 
for bituminous mines. The steel tipple building is 187 ft. long, 36 ft. wide and 35 ft. from the 
track level to the level part of the main tipple floor. The steel head frame is 75 ft. and 85 ft. 
6 in. from the track level to the centers of the sheaves, respectively. The sheaves are 10 ft. in 
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diameter and are placed tandem with the hoisting rope, and at right angles to the axis of the 
main tipple building. The hoisting rope is crucible steel 13 in. in diameter. The steel tipple 
building and head frame are covered with No. 18 galvanized corrugated steel carried on steel 
purlins. Detail plans of the tipple structure are given in Fig. 13 and of the head frame in Fig. 14. 
The head frame and tipple building are fully braced and make a very rigid structure. The main 
track floor of the tipple is level over the first five panels on the left of the structure, the remainder 
of the floor having a pitch of 4 in. in 17 ft. The tipple floor is covered with 4 in. planking spiked 
to 4 in. nailing strips which are carried on I-beam joists. The weight of the structural steel, 
including the corrugated steel but not including tipple equipment, was 415,530 lb. 
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Operation of Tipple.—The detail track plan is shown in Fig. 15; the operation of the Ramsey 
transfer is shown in Fig. 16, and the arrangement of the shaking bar screens is shown in Fig. 17. . 
Two coal cars containing 14 tons each are hoisted on the shaft cage. The loaded cars are pushed 
off the cage and two empty cars are pushed on the cage by means of a steam pusher, as shown in 
Fig. 16. From the cage platform the loaded cars run by gravity on a 13 per cent grade to the 
dumps, where the coal is dumped by Phillips automatic tipples or dumps. ‘After dumping, the 
cars pass to the right by gravity on the 10 per cent descending grade and are stopped by a 2 per 
cent ascending grade and a short piece of track. The cars then return by gravity, arid may either 
be switched to the outside tracks or run back on the transfer tracks. The empty cars are run on 
the platform of the Ramsey transfer and are raised by a steam cylinder a height of 4 ft. 7 in. to 
the level of the floor of the shaft cage, and are ready to be shoved on the cage by the steam pusher. 

The coal is dumped: by the Phillips tipple dumps into one of two weigh hoppers 5 ft. wide, 
as shown in Fig. 17. After the coal is weighed it runs out of the weigh hopper on a converging 
chute having a slope of 30 degrees with the horizontal. From the converging chute the coal 
runs over shaking bar screens 6 ft. 6 in. wide, the bars being placed # in. apart. The fine coal 
passing through this screen runs over a § in. shaking bar screen and is chuted into the cars. The 
slack passing through the § in. bar screen is run directly into the cars. From the } in. shaking 
bar screen the lump coal passes through a converging chute and over a bar screen 5 ft. 6 in. wide 
with the bars spaced 5 in. apart, from which the lump coal is run into cars. It will be noted that 
five grades of coal are obtained: mine run coal; lump coal passing over the 5 in. screen; coal passing 
the 5 in. screen and retained ona 7 in. screen; nut coal passing a $ in. screen and retained on a 3 in. 
screen, and slack. 

The capacity of the coal tipple is from 1,800 to 2,000 tons per day. The tipple was designed 
by Mr. W. Morava, Consulting Engineer, Chicago, IIl., and was built by the American Bridge 
Company in 1900. 

Steel Coal Tipple for the Phillips Mine.—The steel coal tipple at the Phillips mine of the 
H. C. Frick Coke Company is an excellent example of a modern coal tipple for handling bituminous 
coal. Detail plans of the coal tipple are shown in Fig. 18. The steel head frame is of the 4-post 
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type, and is 107 ft. from the collar of the shaft to ae center of the sheaves. The main tower of 
the head frame has six posts made of 4 Z’s 3in. X 2}¢in. X j in. with one plate 6in. X § in. The 
back braces consist of three columns having the same section as the main posts. The head frame 
is fully cross-braced with angle struts, as shown in Fig. 22. The batter of the main tower columns 
is I in. in 12 in., while the back brace makes an angle of 30 degrees with the vertical. The sheaves 
are 10 ft. in diameter and are supported on I-beams, resting at the end nearest the engine house 
on a built-up frame of angles and plates carried on two 15 in. I-beams, so as to make the necessary 
clearance for the sheaves. The roof trusses above the sheaves carry two I-beams, on the lower 
flanges of which are trolleys arranged for the attachment of chain blocks for placing and re- 
placing the sheaves. The shipping weight of structural steel, including the corrugated steel, was 
569,500 lb. 
TABLE VI. 


Data ON STEEL COAL TIPPLES. 


Rate of 
Hoisting. 

—————— Weight of Struc- 
Ft. | Tons ture in Lb 
per per 

i Day. 


Height of 
Head Frame, 
Ft. In. 
Diameter 
Sheaves, 
Ft. In. 
Size of Hoist- 
ing Rope, In. 
Method of 
Hoisting. 
Weight of 
Cage Skip, 
Weight of 
Coal, Lb 


Phillips Coal Tipple, 6 tons 
Pennsylvania 


cleo 


Philadelphia & Read- 
ing, Gilberton 40,000 work- 


ing load each 
tie No. 2, Cardiff, compartment 


Spring Valley No. en 
Spring Valley, Ill 


Alberta Railway & Ir- 
rigation Co., Leth- } 500,000 


415,530 


bridge, Alta 


Rend Tipple, Rend- 
ville, Ill 


Head 
Frame 100,000 
Shdker 56,000 


Carbon Tipple, Car- a Struc- 


tural steel 
bon, Montana 16,800 Corru- 


gated steel 
171,200 Struc- 
tural steel 
31,300 Corru- 
gated steel 
117,200 Struc- 
tural steel 
10,300 Corru- 
gated steel 


R. F.C. Co; Tipple, 


Montana 


Gebo Tipple, Montana 


The coal is hoisted in self-dumping cages which dump the coal into distributing chutes, in 
which it runs by gravity to the bins having a capacity of 800 tons. The coal, being all used for 
making coke, is not screened or weighed. 

The storage bins ate built with a steel framework and are lined with } in. buckle plates on 
the sides, and have a ? in. plate floor. The sides are supported by the 15 in. I-beams @ 42 lb., 
spaced 3 ft. 54 in. deutec tocenter. The inclined bottom framing consists of girders having 48 
in. X 2 in. web plates and flanges composed of two angles 6 in. X 6 in. X 3's in., and are tied together 
with ties consisting of two angles 8 in. X 8in. X }in.and one plate 17 in. X 3 in. at the bottom, 
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and 15 in. I-beams @ 42 Ib. at the top, the girders being spaced 3 ft. 51 in. center to center. The 
main side girders are composed of two I-beams 15 in. @ 42 lb., and one channel 15 in. @ 33 |b. 
The # in. plate floor is carried on 12 in. I-beams spaced about 1 ft. 6 in. centers. The steel plate 
floor is placed at a slope of 8 in. in 12 in., and it is stated that 95 per cent of the coal can be with- 
drawn from the bin. The bins discharge through vertical gates in the sides into motor-driven 
larries, which run to the coke ovens. The vertical gates are raised by rack and pinion and chain 


wheels. 
Data on ten steel coal tipples are given in Table VI. \ For additional examples and data on 


steel coal tipples, see the author’s ‘‘The Design of Mine Structures.” 


SPECIFICATIONS FOR STEEL HEAD FRAMES AND COAL TIPPLES, WASHERS 
AND BREAKERS.* 


PART II. 
BY 


MILO S. KETCHUM, 
M. Am. Soc. C. E. 


1912 


GENERAL DESCRIPTION. 


198. Types of Structure.—The structure shall be of a type that will give maximum rigidity 
and strength. The structure shall be of a type in which the stresses can be calculated either by 
statics or by taking into account the deformations of the members. 

199. Bracing.—All bracing shall be stiff, and shall be riveted together at all intersections to 
give maximum rigidity. 

200. Proposals.—Contractors in submitting proposals shall furnish complete stress sheets, 
general plans of the proposed structures, giving sizes of material, and such detail plans as will 
clearly show the dimensions of the parts, modes of construction and sectional areas. 

201. Detail Plans.—The successful contractor shall furnish all working drawings required 
by the engineer free of cost. Working drawings will, as far as possible, be made on standard 
size sheets 24 in. X 36 in. out to out, 22 in. X 34 in. inside the inner border lines. 

202. Approval of Plans.—No work shall be commenced or materials ordered until the working 
drawings are approved in writing by the engineer. The contractor shall be responsible for dimen- 
sions and details on the working plans, and the approval of the detail plans by the engineer will 
not relieve the contractor of this responsibility. : 


Loaps. 


203. The structures shall be designed to carry the following loads without exceeding the 
permissible unit stresses. 

204. Dead Loads.—The dead loads shall consist of the weight of the head sheaves, sheaves, 
ao and girders, the weight of the structure, and all concentrated machinery and equipment 
oads. . 

205. Working Loads.—The working loads on head frames for vertical shafts shall be taken 


as equal to 
K=2W+R4+(W4+ Rf (1) 


where K = the working stress in Ib. at the head sheave at the instant of picking up the load; 
W = the gross load of the cage or skip and the load of ore or coal in lb.; R = the weight of the 
rope from the head sheaves to the bottom of the shaft in Ib.; and f = coefficient of friction of the 
rope, skip and sheaves, which may be taken at 0.01 to 0.02 for vertical shafts and 0.02 to 0.04 for 
inclined shafts with ropes supported on rollers. 

206. For inclined shafts the working load shall be taken as 


K’ = (2W + R) sin 6+ f(W +R) cos 6 (2) 
where 9 = the angle of inclination of the shaft with the horizontal. 


*From Specifications for Steel Mine Structures as printed in the author’s “The Design of 
Mine Structures.” Part I is ‘‘Specifications for Steel Frame Buildings” as printed in Chapter I. 
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207. Breaking Load.—The head frame shall be designed for a load in one or all of the hoisting 
ropes equal to the breaking stress of the hoisting rope as given in the manufacturer’s catalog. 

208. Machinery Loads.—The stresses due to machinery, crushers, tipple equipment, etc., 
shall be considered the same as the stresses due the working or live load. 

209. Wind Loads.—Where the head frame or tipple is enclosed the wind load shall be assumed 
as 30 lb. per sq. ft. of exposed surface acting horizontally. Where the framework is open the 
wind load shall be taken as 50 lb. per sq. ft. acting on the projection of the members of the head 
frame or tipple. In calculating the stresses due to wind, the wind loads may be assumed as 
applied at the joints of the structure. Where one side of the structure is open so that a deep cup 
or pocket is formed the wind load shall be taken as not less than 60 lb. per sq. ft. on the projection 
of the cup-like surface. 

210. Snow Loads.—Snow loads shall be taken the same as for steel frame buildings. 


ALLOWABLE UNIT STRESSES. 


2tt. Steel head frames, coal tipples, coal washers and breakers, and similar structures shall 
be designed for the following allowable stresses. 

212. Dead Load Stresses.—The allowable unit stresses for dead loads shall be the same as 
for steel frame buildings given in ‘‘Specifications for Steel Frame Buildings.’’ Snow loads shall 
be considered as dead loads. 

213. Working Load Stresses.—The allowable unit stresses for working loads shall be one-half 
the allowable unit stresses for dead load stresses as given in “Specifications for Steel Frame 
Buildings.” 

214. Bins.—Bins shall be designed for two thirds the allowable unit stresses for dead load 
stresses as given in ‘‘Specifications for Steel Frame Buildings.” 

215. Breaking Load Stresses.—The allowable unit stresses for the maximum stresses due 
to breaking one or all the hoisting ropes shall be equal to the allowable unit stresses for dead load 
stresses, plus 50 per cent, equal to three times the allowable unit stresses for working loads. The 
breaking loads and working loads for any shaft compartment or machine need not be assumed 
as acting together. 

216.. Machinery Load Stresses.—The allowable unit stresses for the maximum stresses due 
to machinery and moving loads shall be the same as the allowable unit stresses for working loads, 
equal to one half the allowable unit stresses for dead load stresses. 

217. Wind Load Stresses.—The allowable unit stresses when the wind load stress is com- 
bined with the dead load stress plus twice the working load and machinery load stresses shall not 
exceed the allowable unit stresses for dead loads by more than 25 per cent. If the sum of the 
wind load unit stress, the dead load unit stress, and twice the working load and machinery load 
unit stresses exceed the allowable unit stress for dead loads by more than 25 per cent the area of 
the section shall be increased to reduce the actual stresses to within the prescribed limit. Wind 
load stresses need not be combined with breaking load stresses. 7 

218. Reversal of Stress.—Members subject to a reversal of stress due to a combination of 
dead load stresses and working load stresses shall be designed to take both tension and com- 
pression, each stress being increased by one half the smaller of the two stresses. Members subject 
to a reversal of stress due to wind stress combined with dead load stresses and working load 
stresses, or breaking load stresses combined with dead load stresses shall be designed to carry 
both stresses. 


EQUuIPMENT. 


219. Skips and Cages.—Skips and cages shall be made of structural steel, as shown on the 
detail drawings. They shall be provided with guide shoes and safety devices. For inclined 
shafts the wheels shall have phosphor bronze bushings. 

220. Safety Detaching Hooks.—All skips and cages shall be provided with effective detaching 
hooks. The case’shall be designed to take the stress due to a loaded cage or skip dropping a 
vertical distance of two feet. 

221. Bin Gates.—Unless otherwise specified all bin gates shall be of the undercut type. 
All gates shall be equipped with operating mechanism so that they can be opened in service by 
one man. 

222. Screens.—Fixed screens shall be made of bars as shown on the drawings and shall be 
supported so that the bars will not be permanently deflected under the load. The screen bars 
shall be placed at an angle so that they will screen the ore or coal without choking up. 

223. Shaking screens shall be carried on rollers and be driven by eccentric connecting bars. 
They shall be placed at proper slopes, and shall be provided with all necessary gates. Unless 
otherwise specified the screens shall be made of structural steel. 

224. Rotary screens shall be made of structural and machinery steel, and shall perform the 
work required by the specifications. 
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225. Coal Tipples or Dumps.—Coal tipples or dumps shall be provided as shown on the detail 
plans or called for in the specifications. 

226. Dumping Devices.—Where self-dumping skips or cages are used an efficient and satis- 
factory dumping device shall be provided. 

227. Head Sheaves.—The head sheaves shall be substantial with the top flanges turned 
smooth and true to receive the hoisting rope. The sheave wheel shaft shall be of the best grade 
of machinery steel of ample strength, carefully and truly made. The sheave boxes shall be lined 
with the best quality of anti-friction metal and shall be adjustable to take up the wear. Unless 
otherwise specified the sheave wheels shall have wrought iron spokes. 

228. Landing Stage.—An efficient landing device shall be furnished. 


DETAILS OF CONSTRUCTION. 


229. Unless otherwise provided for the details of construction are to be the same as for 
steel frame buildings. 

230. Design.—In designing head frames, coal tipples, coal washers and breakers and similar 
structures care shall be used to strongly brace the different parts of the structure in order that it 
may be figid. Preference shall be given to types of structures that are statically determinate. 
Where 4-post head frames and other statically indeterminate structures are used the stresses shall 
be calculated by taking account of the deformation and distortions of the members.* All bracing 
is to be made of stiff members; the use of rods or bars will not be permitted, except for sag rods 
and anchors. It is very important that head frames, coal tipples, coal washers and breakers and 
similar structures be made very rigid. 

231. Lengths of Compression Members.—The length of compression members in head 
frames and shaker structures shall not exceed 100 times the least radius of gyration for main 
members nor 140 times the least radius of gyration for secondary bracing. 

232. Lengths of Tension Members.—The length of tension members in head frames shall 
not exceed 150 times the least radius of gyration for main members, nor 200 times the least radius 
of gyration for secondary bracing. The length of a tension member is to be taken as the distance 
center to center of end connections. 

233. Splices.—All splices in main members shall be designed to carry the full strength of 
the member. 

234. Reaming.—The rivet holes for all field splices shall be punched to a diameter 3% in. less 
than the finished hole and shall be reamed to the required size with the members bolted in place 
with an iron templet. All metal more than § in. thick shall be punched and reamed, or be drilled 
from the solid. 

235. Minimum Thickness of Metal.—The minimum thickness of metal in plates and sections 
shall be 3 in., except for fillers. 

236. Erection.—All field connections shall be ‘riveted. Before the riveting is begun all field 
connections shall be fully drawn up with field bolts, in not less than one-half the holes of each 
joint. 

237. Materials and Workmanship.—All materials and workmanship shall comply with the 
Specifications for Steel Frame Buildings unless otherwise specified. 

238. Painting.—All steel work shall receive one coat of satisfactory graphite or carbon paint 
at the shop. Before erecting all abraded spots shall be touched up, and all rivet heads shall be 
painted as soon as accepted by the inspector. After the erection is complete all structural steel 
work shall be given two coats of satisfactory graphite or carbon paint. The three coats of paint 
shall be of different colors. 

REFERENCES.—For additional data for the design of head frames, rock houses, coal tipples 
and other mine structures, and for numerous examples of structures, see the author’s “‘ The 
Design of Mine Structures.’’ This book gives the calculation of stresses in head frames, and also 
gives a full discussion of the details of design of mine structures, including specifications, methods 
of construction and costs. 


* For the calculation of the stresses in mine structures, see the author’s ‘‘The Design of Mine 
Structures.” 
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CHAPTER XI. 
STEEL STAND-PIPES AND ELEVATED TANKS ON TOWERS. 


DATA FOR DESIGN.—The following data will be of assistance in the design of steel 
stand-pipes and elevated tanks on towers. For definitions of stand-pipes and elevated tanks 
on towers, see the specifications in the latter part of this chapter. 

_Notation:— 

h = distance in ft. of any point below the top of the stand-pipe or elevated tank; 
‘d = diameter of the stand-pipe or elevated tank in feet; 
r = radius of the stand-pipe or elevated tank in feet; 
t = thickness of the shell in inches at any given point;. 
bp = hydrostatic pressure in Ib. per sq. in. at any point = 0.434h; 
S = stress per vertical lineal inch of stand-pipe; 
Ss = unit stress in Ib. per sq. in. in vertical section of stand-pipe; 
S’ = stress per horizontal lineal inch of stand-pipe; 
s’ = unit stress in lb. per sq. in. in horizontal section of stand-pipe; 
S’”’ = stress per lineal inch along a circumferential line, due to wind; 
s’’ = unit stress in lb. per sq. in. in circumferential line, due to wind. 
Formulas for Stresses in Stand-Pipes.—The stress per lineal vertical inch of stand-pipe is 


_ 62.5h-d _ : 
Se rr ee a (1) 
The stress per sq. in. is 
s = 2.6h-d/t (2) 


The stress per horizontal lineal inch of stand-pipe due to the weight of stand-pipe W, is 


S’ = W/(127-d) = 0.026W/d (3) 
The stress per sq. in. is - 
: s’ = 0.026W/(d-?) (4) 


For ordinary conditions the wind pressure is taken at 30 Ib. per sq. ft. acting on two-thirds 
of the surface, or 20 Ib. per sq. ft. on the entire surface; while for exposed positions the wind pressure 
may need to be taken as high as 45 !b. per sq. ft. acting on two-thirds of the surface, or 30 lb. 
per sq. ft. on the entire surface. Recent Prussian specifications require that circular chimneys 
be designed for two-thirds of 25 lb. per sq. ft. At 30 Ib. per sq. ft. acting on two-thirds of the 
surface (20 lb. per sq. ft.) the bending moment at any distance h below the top, due to wind is 


M = 20 X d-h Xh X 12/2 = 120d-h? (5) 
where M is in in.-lb. 
The stress in the extreme fiber of the shell is 


s” = M-y/I (6) 


Now y = 127, I = in(ri4 — ro4) = t-r-r® (approx.—r is in ft.8 and ¢ in in.) = f-3-73-128 (in in’). 
Substituting y and J in (6) 
hts 120d +h? -r+12 
t-m-r- 128 
= 1.06h2/(t-d) (7) 
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The stress per lineal inch will be 
S’’ = 1.06h?/d (8) 


If the allowable stress in the net section of the plate is 12,000 lb. per sq. in., and e = efficiency 
of joint, then from (2) 


where values of e for different conditions are given in Table Ila. 5 
Formulas for Stresses in Elevated Steel Tanks.—The stress per lineal vertical inch of plate 


is the same as in stand-pipes 


S = 2.6h-d (1) 
and the unit stress in vertical joints is 
Ss = 2.6h-d/t (2) 
Stresses on Radial Joints.—Spherical Bottoms.—In a hemispherical bottom the radial 
stress per sq. in., Zi, will be one-half the stresses in a cylinder of the same radius and the same 
internal pressure. 
T, = 2.6h-d/(2t) = 2.6h-r/t (10) 


In a segmental bottom (0) Fig. 1, the stress Ty’ will be 


page WALGSCiG amen W-csc?0 Gn 
2X i20-b-et 240-rt d 


Ty’ 


Now W = 62.5h-1-b? = 62.5h-m+r?-sin? 6, and 


final 62.5h-r1 be , i 
1B ou = 2.6h-n/é (12) 


which reduces to equation (10) for a hemispherical bottom when ni = 7. 


(2) CONICAL BOTTOM (b) SEGMENTAL BOTTOM 
Fie. 1. 


t = 2.6h-d/(12,000 X e) (9) 


ee 
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Stresses on Radial Joints. Conical Bottoms.—In a conical bottom the stress per sq. in. 
T,"’ will be from (a) Fig. 1, 
W-csc 0 


Tt. 
Es 2ryem+12t (13) 
Now 
W = 62.5h-9r-rv, 
and e 
62.5h-m-r?-csc 8 
Pf se 
ates 24niat (14) 
= 2.6h:n:-csc 6/t (15) 


Stresses on Circumferential Joints. Conical Bottoms.—In (a) Fig. 1, pass two horizontal 
planes through the cone so that the intercept along the cone will be a unit inlength. The tapered 
ring cut away has a pressure of p’ lb. per lineal inch. This pressure p’ may be resolved into a 
pressure-along the element of the cone, p: = p’ cot 0, and a horizontal pressure, p2 = p’ csc 0. 
The stress in circumferential joint will be 


Ta!’ = 12po-n/t = 12p'-n-csc O/t 


ll 


12 X 0.434h-n-csc 6/t 
5.2h+r1-csc 6/t (16) 


ll 


which is twice the stresses in the radial joints. 

Stresses in Circumferential Joints.—Spherical Bottoms.—The radial unit stress in a hemi- 
spherical bottom is given by equation (12). Now ina segment of a spherical shell the curvature 
is the same in all directions, and the unit stress on a circumferential joint will be the same as on 
a radial joint, and 

thi = Dean = 2.6h-1/t (1 7) 


Connection Between Side and Bottom Plates.—With a conical bottom the inclined pull per 
lineal inch at the bottom of the circular tank will be from (15) 


Ti" = 2.6h-r csc 0. (18) 


The compressive stress in the horizontal ring will be due to the horizontal components of the 


inclined stresses and will be 
P’ = T;'" cos 0-r X 12 


= 31.2h-r?-cot 0 (19) 


There are no inclined or compressive stresses in a hemispherical bottom unless the circular 
shell and the hemispherical bottom are joined by an elliptical segment. If the radius of the 
circular tank divided by the radius of the segment = 2, there will be no secondary stresses (see 
“Stresses in Tank Bottoms,” by Professor A. N. Talbot, The Technograph No. 16, p. 139). 

Stresses in a Circular Girder.—The circular girder supports the weight of the tank, the 
contents of the tank, and its own weight. The load is uniformly distributed along the girder. 
The girder rests on or is supported by four or more columns, and transmits its load to them. 

Let W = total load on girder in lb.; 

; = radius of girder in in.; 

= number of posts; 

= 2n/n = angle at center subtended by radii through two consecutive posts; 
= angle subtended at center by any arc; 

direct bending moment in the girder at any point in in.-Ib.; 

= torsional bending moment in girder at any point in in.-lb.; 

= shear in girder at any point in lb.; 

= Pb, etc., = reactions of columns in lb. 


Suse he 2 
ll 
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Now in the author’s ‘Design of Walls, Bins and Grain Elevators” it is proved that the 
bending moment at the supports is 


M, = poesia (: = 
n a 


cot= ) (20) 


I 
2 2 


and the maximum moment midway between the posts is 


Se ipeeee o) ee 4 
Mz = M cos > + on \ S85 (21) 


NIR 


The torsional moment is zero at the supports and midway between the columns, and is a 
maximum at the points of zero bending moment at points between the columns. 
The torsional moment is 
P W-r W-a'-r in a ; 
Ty = Mi-sin a! — (1 — cos a’) + (:-=* (22) 


a 


Values of M and T are given in Table Ia. 


TABLE Ia. 


STRESSES IN CIRCULAR GIRDERS. 


Load on | Max. Shear, | Bending Moment | Bending Moment | Angular Distance jax, Torsional 
Post, Lb. Lb. at Posts, In-Ib, | Midway Between | from Post to Point |Moment, In-lb. 
Posts, In-lb. of Max. Torsion. 


Wit Wx 8 —0.03415W-r | +0.01762V-r 19°" 12’ 
W~-6 W =~ 12 —0.01482W-r | +0.00751V-r 12 44 
W~8 W ~ 16 —0.00827W+r | +0.00416V-r 9 33 
W~-12| W+24 —0.00365W-r | +0.001904-r 6 21 


Stresses in Columns.—The stresses in the columns will be due to the dead load and to the 
wind moment. The vertical components of the dead load stress will be equal to W divided by 
the number of columns, where W is the total weight of tank and the water. To calculate the 
stresses due to wind moment in the columns proceed as follows: Calculate the wind force by 
multiplying the exposed surface by the wind pressure, and assume the wind force as acting through 
the center of gravity of the exposed surface. The pressure on circular tanks may be taken at 
two-thirds of 30 lb. per sq. ft. of the surface at right angles to the direction of the wind. To 
calculate the stresses in the columns at any point pass a horizontal section through the columns 
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as in Fig. 3. Then the maximum vertical stress in column 1 will occur on the leeward side when 
the wind is blowing in the direction 1-1. If M is the wind moment about the axis A—B, the 
moment of the stresses in the column about axis A—B will be equal to M. Ina tower with 8 
columns as in Fig. 3 we have (stress 1) X 27 + (stress 2) X 4r-cos 45° = M. 

But Stress 1 is to Stress 2 as r is tor-cos 45°; and Stress 1 (27 +27) = M. Stresst = M/4r, 
and Stress 2 = 0.7M/4r. In a 6 column tower the stress in the most remote post is M/3r and 
in each of the others is } M/3r7. In a 4 column tower the stress in each column is M/2r. If the 
columns are vertical the maximum stresses will occur at the foot of the columns; if the columns 
are inclined the stress should be calculated at both the top and the bottom. The maximum 
stresses will be the sum of the dead and wind load stresses. 

Having calculated the vertical components of the stresses in the columns, the stress in the 
column will be equal to the vertical component multiplied by the secant of the angle between the 
column and a vertical line. 
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If the upward pull of the columns on the windward side is greater than the dead load when 
the bin is empty the column must be anchored down. The masonry footing should have a 
weight equal to at least one and one-half times the resultant upward pull. 

DETAILS OF STEEL TANKS.—The standard plans in Fig. 10 and Fig. 11 and the Jack- 
son, Minn., tank in Fig. 6, show the plates in alternate courses of different diameters, while the 
standard details of the Chicago Bridge and Iron Co. in Fig. 8 shows the plates telescoped with 
the edge of the plate for caulking on the inside so that it may be caulked from above. The stand- 
ard specifications given in the last part of this chapter, also the specifications of the American 
Railway Engineering Association in the last part of this chapter both require that the plates in 
alternate courses be of different diameters as shown in Fig. ro, Fig. 11, and Fig. 6. 

Hemispherical or segmental bottoms are now quite generally used, the conical bottom being 
rarely used on account of the difficulty in making a satisfactory connection to the tank cylinder. 
Spherical tank bottoms are used to a limited extent. 

The standard details of the Chicago Bridge and Iron Co. for circular water tanks and hemis- 
pherical bottoms are given in Fig. 8, and the standard column details are shown in Fig. 9. 

The properties for water tight joints together with shearing and bearing values of rivets are * 
given in Table IJa. Standard plans for a 95,000 gallon tank ona 100 ft. tower are given in Fig. 10; 
while standard plans for a stand-pipe 20 ft. in diameter and go ft. high are given in Fig. 11. Table 
Ila and Fig. 10 and Fig. 11 were prepared by Mr. C. W. Birch-Nord to accompany the standard 
specifications printed in Trans. Am. Soc. C. E., Vol. 64, and partially reprinted in this chapter. 

25 : 
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Rivets 


TABLE Ila. 
PROPERTIES OF WATERTIGHT JOINTS. 


% Rivets 


Thickness 
of plate 
Number of 
rivets 
joints 


rows of 
in per cent! 


1 


Effective 
Effective 
section of 
Efficiency 
of joints 
‘in per cent 
Pitch of 
rivets 
in inches 
Effective 
section of 
plates 


| bO| DO | Do 


Lap Joints 


s/B9) Co) Do} ee| DO) 


A BIO|S|N S| NINN 


0.552 


ieee ees 


0.526 


Butt Joints 


~a}o3] -3] o2] a] =3}00]~3) co! ~a} 00} ~3 


BSE 


0.585. 


0.555 


0.614 


LH 


0.582 


9.647 


igures indicate 


economical riveted joints 


C9] D9} eo] po} Ce) DO} G9) PO} Co) 


‘Note: The distances between rivets at caulked edges shall never exceed 10 times the thickness of plates 
or straps, The GREG ss of each strap for butt joints shall never be less than half the thickness of 
the plates plus} inch, o 


SHEARING AND BEARING VALUE OF RIVETS. 


Diameter 


s 4 a! mY as!’ ue 4s" = 
Robs 


3516 | 4219 1023 
4219 | 5063 6750 re 9281 [10125 — 
= 


(0.7854) 7069 | 4500 


lap joint 


4922, L506 or i878 11813 12797 rik! 
5625 7875 Ons 11250 


00] 14625 | 15750] 1 
Bingle riveted Double riveted Triple riveted Double riveted Triple riveted 
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DETAILS OF STEEL TOWERS.—Steel towers are commonly made with four columns, 
although eight or twelve columns are sometimes used for large elevated tanks. The columns of 
towers are commonly made of two channels, laced-top and bottom; of two channels with top 
cover plate and bottom lacing; of a built H section made of plates and angles, ora rolled H section. 
Z-bars are now very difficult to obtain and the Z-bar column should not be used, The struts 
are made of built channels, or of angles, or of plates and angles. The diagonal bracing is commonly 
made of rods with adjustable clevises or turnbuckles. ; 

EXAMPLES OF STEEL STAND-PIPES AND ELEVATED TANKS ON TOWERS.—The 
design of steel stand-pipes and elevated tanks on towers will be illustrated by describing several 
typical examples. 
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Railway Water Tanks.—Four typical examples of steel water tanks are shown in Fig. 4; the 
50,000 gallon railway water tank in (a) Fig: 4 was designed by the American Bridge Company; 
the 65,000 gallon water tank in (6) is. a standard tank on the Harriman Lines; the 50,000 gallon 
tank in (c) was designed by the C. B. & Q. R. R.; while (d) is a typical stand-pipe. 

Elevated Tank and Tower for Jackson, Minn.—Details of the steel elevated tank and tower 
designed by Mr. L. P. Wolff, Consulting Engineer, St. Paul, Minn., for Jackson, Minn., are shown 
in Fig. 5, Fig. 6, and Fig. 7. A general plan and details of the foundations and the roof are shown 
in Fig. 5. Details of the riveting of the tank plates; details of the columns, and details of the 
frost proofing are shown in Fig. 6. - Details of the circular girder, and the connections of the 
columns are shown in Fig. 7. The tank has a hemispherical bottom with a conical sub-bottom. 
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The details work out very satisfactorily. Mr. Wolff has designed a number of elevated tanks 
and towers following thé standard details in the Jackson tank. The details of construction are 


shown by the drawings. 
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SPECIFICATIONS.—The details of design of steel stand-pipes and elevated tanks on 
towers are given in the specifications prepared by Mr. C. W. Birch-Nord and the specifications 
of the American’ Railway Engineering Association. Both of these specifications are printed in 
the last part of this chapter. 


GENERAL SPECIFICATIONS FOR ELEVATED STEEL TANKS ON TOWERS, AND 
FOR STAND-PIPES.* | 


Part I. DESIGN OF ELEVATED STEEL TANKS ON TOWERS. 


Definition.—1. An elevated tank is a vessel placed on a tower inorder to furnish a certain 
required pressure head. The tank is filled through a riser or inlet pipe. 

2. Elevated tanks are mostly used in connection with pumping stations, or are connected 
directly to Artesian wells, in order to store water under pressure. 

3. As practically all tanks are cylindrical, this specification will only have reference to those 
of that shape. : : 

Loads.—4. The dead load shall consist of the weight of the structural and ornamental steel- 
work, platforms, roof construction, piping, etc. 

5. The live load shall be the contents of the tank, the movable load on the platforms and 
roof, and the wind pressure. 

6. The live load on the platforms and roof shall be assumed at 30 lb. per sq. ft., or a 200-lb. 
concentrated load applied at any point. 

7. The wind pressure shall be assumed at 30 Ib. per sq. ft., acting in any direction. The 
surfaces of cylindrical tanks exposed to the wind shall be calculated at two-thirds of the diameter 
multiplied by the height. Similar assumptions may also be made for spherical and conical surfaces 
by using the correct heights. : 

8. The live load on platforms and roof shall not be considered as acting together with the 
wind pressure. 

Unit Stresses.—9. All parts of the structure shall be proportioned so that the sum of the dead 
and live loads shall not cause the stresses to exceed those given in Table I. ; 


TABLE I. 
Tension in tank plates. .......csceeeee eeepc eer etseenees 12,000 tb. per sq. in. of net area. 
Tension in other part of structure. .....,..++sseeeeee renee 16,000 lb. per sq. in. of net area. 
Wompression ys. oe tat tee sete ee cots sow ee ese aie ews 16,000 lb. per sq. in. reduced. 
Shear on shop rivets and pins.......... esse cree cece reece 12,000 lb. per sq. in. 
Shear on field rivets (tank rivets) and bolts...........++--- 9,000 lb. per sq. in. 
Shearin plates: os. 00+scccc eset esvscreacgereccusssesmcce 10,000 lb. per sq. in. of gross area. 
Bearing pressure on shop rivets and pins.........+++++++++> 24,000 lb. per sq. in. 
Bearing pressure on field rivets (tank rivets)..........+.-+-- 18,000 lb. per sq. in. 
Puber strain im Pins... se nee ee ep aes t ae eng ees 24,000 lb. per sq. i 


pin. 
10. For compression members, the permissible unit stress of 16,000 lb. shall be reduced by the 


formula: 
p = 16,000 — 701/r, 


where p = permissible working stress in compression, in lb. per sq. in.: 
1 = length of member, from center to center of connections, in inches; 
ry = least radius of gyration of section, in inches. 
The ratio, J/r, shall never exceed 120 for main members and 180 for struts and roof construc- 
tion members. 
“71. Stresses due to wind may be neglected if they are less than 25 per cent of the combined 
dead and live loads.  ~ 
12. Unit stresses in bracing and other members taking wind stresses may be increased to 
20,000 Ib. per sq. in., except as shown in Section II. 
13. The pressures given in Table II will be permissible on bearing plates. 


TABLE II. 
Brickwork with cement mortar.........e cece eee eee e eee entree eee e eens 200 Ib. per sq. in. 
Portland cement concrete... 11... esse cece eee tee eee e eect e eter sees 350 lb. per sq. in. 
First-class sandstone. ...0..---cesc nce ewe terrence ssecerercrenmeeerrrs racine 400 Ib. per sq. -in. 
First-class limestone. .....-.--cesncecsccsacrs remorse serecsecresneseer ners 500 lb. per sq. in. 
First-class granite)... 220.0... tec e ete te eee ete etree ect e eee ntn ee tinen ers 600 lb, per sq. in. 


* Condensed from Specifications by C. W. Birch-Nord, Assoc. M. Am. Soc. C. E., Trans. 


‘Am. Soc. C. E., Vol. 64, pp. 548 to 563. The preliminary statement and the specifications for the 
foundations have been omitted. These specifications have been adopted by the American Bridge 


Company. =o 
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Details of Construction—14. The plates forming the sides of cylindrical tanks ‘shall be of 
different diameters, so that the courses shall lap over each other, inside and outside, alternately. 

15. The joints for the horizontal seams, and for the radial seams in spherical bottoms, shall 
preferably be lap joints. 

16. For vertical seams double- riveted lap joints shall be used for 4, ¥6, and in. plates. Triple 
lap joints shall be used for 7’ and 3 in. plates; double- riveted butt joints shall be used for x, #, 
3% and $ in. plates; and triple-riveted butt joints for te % 4, 48 and I in. Plates. 

ey Rivets 5 3 in. in diameter shall be used for } in. plates; Tivets 4 # in. in diameter shall be 
used for 3% in. plates; rivets } in. in diameter shall be used for § to in. plates, inclusive. Rivets 
I in. in diameter shall be used for }% in. and I in. plates. 

Rivets shall be spaced so as to ‘make the most economical seams (70 to 75 per cent efficiency). 
A table of riveted joints is given in Table Ila. 

18. In no case shall the spacing between rivets along the caulked edges of plates be more 
than ten times the thickness of the plates. All rivets shall be entered from the inside of the 
tank, and shall be driven from the outside, that is, new heads on rivets shall always be formed from 
the opposite side of the plate on which the caulking i is done. 

19. Plates § in. thick, and not more than # in. thick, shall be sub-punched with a punch 3% in. 
smaller in diameter than the nominal size of the rivets, and shall be reamed to a finished diameter 
not more than 7 in. larger than the rivet. Plates thicker than { in. shall be drilled. 

20. The minimum thickness of the plates for the cylindrical, part shall be 4 in. The thick- 
ness of the plates in spherical bottoms shall never be less than that of the lower course in the 
cylindrical part of the tank. 

21. The facilities at the plant where the material is to be fabricated will be investigated 
before the material is ordered. 

22. All plates shall be sheared or planed to a proper bevel along the edges for caulking, 

23. All plates shall be caulked along the beveled edges from the inside of the tank, and with a 
round-nosed tool. The use of foreign material for caulking, such as lead, copper, filings, cement, 
etc., will not be permitted. 

24. The plates in tanks for the storage of oil shall be beveled on both sides for outside and 
inside caulking. 

25. The radial sections of spherical bottoms shall be made in multiples of the number of 
poe supporting the tank, and shall be reinforced at the lower parts, where holes are made 
or piping. 

26. When the center of the spherical bottom is above the point of connection with the cylin- 
drical part of the tank, there shall be provided a girder at said point of connection to take the hori- 
zontal thrust. The horizontal girder may be made in connection with a balcony. This also 
applies where the tank is supported by inclined columns. 

27. The balcony around the tank shall be 3 ft. wide, and shall have a floor-plate } in. thick, 
winch a fe punched for drainage. The balcony shall be provided with a suitable railing, 
3 ft. 6 in. high. 

28. The upper parts of spherical bottom plates shall always be connected on the inside of the 
cylindrical section of the tank. 

29. In order to avoid eccentric loading on the tower columns, and local stresses in spherical 
bottoms, the connections between the columns and the sides of the tank shall be made in such a 
manner that the center of gravity of the column section intersects the center of connection between 
the spherical bottom and the sides of the tank. Enough rivets shall be provided above this inter- 
section to transmit the total column load. 

30. If the tank is supported on columns riveted directly to the sides, additional material shall 
be provided in the tank plates riveted directly to the columns to take the’shear. The shear may 
be taken by providing thicker tank plates, or by reinforcement plates at the column connections, 
while bending moments shall be taken by upper and lower flange angles. Connections to columns 
shall be made in such a manner that the efficiency of the tank plates shall not be less than that 
of the vertical seams. 

31. For high towers, the columns shall have a batter of 1 to 12. The height of the tower 
shall be the distance from the top of the masonry to the connection of the spherical bottom, or 
the flat bottom, with the cylindrical part of the tank. 

32. Near the top of the tank there shall be provided one Z-bar to act as a support for the 
painter’s trolley, and for stiffening the tank. Its section modulus shall not be less than D2/250, 
where D is the diameter of the tank in feet. If the upper part of the tank is thoroughly held by 
the roof construction, this may be reduced. 

33. On large tanks, circular stiffening angles shall be provided in order to prevent the plates 
ahs ee during wind storms. The distance between the angles shall be determined by the 
ormula: 


d = 900 A/D, 


ee 
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where d = approximate distance between angles, in feet; 
t = thickness of tank plates, in inches; 
D = diameter of tank, in feet. 

34. The top of the tank will generally be covered with a conical roof of thin plates; and the 
pitch shall be 1 to 6. For tanks up to 22 ft. in diameter, the roof plates will be assumed to be 
self-supporting. If the diameter of the tank exceeds 22 ft., angle rafters shall be used to support 
the roof plates, which are generally } in. thick. 

Plates of the following thicknesses will be assumed to be self-supporting for various diameters: 

#; in. plate, up to a diameter of 18 ft. 

% in. plate, up to a diameter of 20 ft. 

zs in. plate, up to a diameter of 22 ft. 

Rivets in the roof plates shall be from + to 35; in. in diameter, and shall be driven cold. These 
rivets need not be headed with a button set. 

35. A trap-door, 2 ft. square, shall be provided in the roof plate. Near the top of the higher 
tanks, there shall be a platform with a railing, for the safety of the men operating the trap-door. 

36. There shall be an ornamental finial at the top of the roof. 

37. There shall be a ladder, 1 ft. 3 in. wide, extending from a point about 8 ft. above the 
foundation to the top of the tank, and also one on the inside of the tank. Each ladder shal’ be 
made of two 23 by % in. bars with $ in. round rungs I ft. apart. On large, high tanks, 30 fi. or 
more in diameter, a walk shall be provided from the column nearest the ladder to the expansion 
joint on the riser or inlet pipe. 

38. In designing a tank, a height of 6 in. sha!l be added to the required height of the tank 
if an overflow pipe is not specified by the owner. 

39. Each elevated tank shall be furnished with a riser or inlet pipe, the size of which shall be 
determined by the rate at which the tank must be filled. The size of the riser pipe will be speci- 
fied by the owner. The outlet pipe, in most cases, is not required, as the riser or inlet pipe will 
serve the same purpose, but it shall be furnished if demanded by the owner. 

40. All pipes entering the tank shall have cast-iron expansion joints with rubber packing, and 
facilities for tightening such joints. The expansion joint, generally, shall be fastened to the 
bottom of the tank with bolts having lead washers. The tank plates shall be reinforced where the 
pipes enter the tank. 

41. All pipes entering the tank shall be thoroughly braced laterally with adjustable diagonal 
bracing at the panel points of the tower. 

42. The diagonal bracing in the tower shall preferably be adjustable, and shall be calculated 
for an initial stress of 3,000 lb. in addition to wind stresses, etc. 

43. The size and number of the anchor-bolts in the tower shall be determined by the maxi- 
mum uplift when the tank is empty. The anchor-bolts in the tower, where the maximum uplift 
is greater than 10,000 lb., shall be fastened directly to the columns with bent plates or similar 
a In all other cases it will be sufficient to connect the anchor-bolts directly to the base- 
plates. 

The tension in anchor-bolts shall not exceed 15,000 Ib. per sq. in. of net area. The minimum 
section shall be limited to a diameter of 1} in. The details shall be made so that the anchor- 
bolts will develop their full strength, and, at the lower end, they shall be furnished with an anchor- 
plate, not less than 3 in. thick, to assure good anchorage to the foundation without depending on 
the adhesion between the concrete and the steel. 

44. The concrete foundation shall be assumed to have a weight of 140 lb. per cu. ft., and 
shall be sufficient in quantity to take the uplift, with a factor of safety of 13. 

45. Three-ply frost-proof casing shall be provided, if necessary, around the pipes leading to 
and from the tank. This casing shall be composed of two layers of } by 23 in. dressed lumber, 
and each layer shall be covered with tar paper or tarred felt, and one outside layer of % by 23 in. 
dressed and matched flooring. The lumber shall be in lengths of about 12 ft. There shall be a 
I in. air space between the layers of lumber, and wooden rings or separators shall be nailed to 
them every 3 ft. (In very cold climates it is good practice to fill the space between the pipes and 
the first layer of lumber with hay or similar material.) The frost casing may be square or cylin- 
oe it shall be braced to the tower with adjustable diagonal bracing, as described for pipes in 

ection 41. 
46. All detailed drawings shall be subject to the owner’s approval before work is commenced. 

47. For materials, workmanship, inspection, painting, and testing, see Part III; for founda- 
tions, see Part IV. 


Part IJ.. DEsIGN or STAND-PIPEs. 


Definition—1. A stand-pipe is a tank, generally cylindrical, used for the storage of water, 
oil, etc. Its height, in most cases, is considerably greater than its diameter; it has a flat bottom, 
and rests directly on its foundation. 
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2. Stand-pipes are economical only in special cases: where their capacity is more important 
than pressure, or where local conditions are such that an elevated tank is not required. 

3. Stand-pipes for the storage of oil are an exception. These are generally of very large 
diameter, while the height may not exceed 40 ft.; they are usually referred to as tanks. 

4. Stand-pipes are filled and emptied through pipes connected with their sides or bottom, 
and are provided with manholes for cleaning purposes. 

5. In cold climates roofs are generally omitted on stand-pipes used for water supply, on 
account of the formation of ice. In warmer climates there may be roofs in order to prevent the 
water from becoming a breeding place for mosquitos, flies, etc. Stand-pipes used for the storage 
of oil or other fluids from which rain-water is to be excluded should always be roofed. 

Loads.—6. The dead load shall consist of the weight of structural and ornamental steel work, 
and the roof construction, if any. 

7. The live load shall be the contents of the stand-pipe, the movable load on the eventual 
roof, and the wind pressure. 

8. The eventual live load on the roof shall be assumed at 30 lb. per sq. ft., or a 200 lb. con- 
centrated load applied at any point. 

9. The wind pressure shall be assumed at 30 lb. per sq. ft. acting in any direction. The 
surfaces of cylindrical stand-pipes exposed to the wind shall be calculated at two-thirds of the 
diameter multiplied by the height. 

10. The eventual live load on the roof, if the stand-pipe is roofed, shall not be considered as 
acting together with the wind pressure. 

Stresses.—11. All parts of the structure shall be porportioned so that the sum of the dead 
and live load stresses shall not exceed the stresses given in Table III. 


TABLE III. 

Tension in plates forming sides or bottom of stand-pipes...... 12,000 lb. per sq. in. of net area. 
‘Tension in roof constructions . 9... tha vee fe. ote staie)s en -t 16,000 lb. per sq. in. of net area. 
Compression in roof construction. .......s0e+eeeee scence eeee 16,000 lb. per sq. in. reduced. 
Shear on. shop rivets in roof, etc.... 2.0.0 5sssees cece .......-12,000 lb. per sq. in. 

Shear on field rivets (in stand-pipe plates) and bolts.......... 9,000 Ib. per sq. in. 

Shear tm: platesiys! sacl: scye eacae) alataloval seeletolsre cehekeysstetey olen ol ofose,e heiinietrays 10,000 Ib. per sq. in. 

Bearing pressure on ShOp Tivetsic. ccs. 1nese 20s aes ee eee seme 24,000 lb. per sq. in. 

Bearing pressure on field rivets (in stand-pipe plates)....... . .18,000 lb. per sq. in. 


m2, For compression members in the roof construction, the permissible unit stress of 16,000 
Ib. shall be reduced by the formula: 
p = 16,000 — 701/r, 


= permissible working stress in compression, in lb. per sq. in.; 
= length pf member, from center to center of connections, in inches; 
= least radius of gyration of section, in inches. The ratio, J/r, shall never exceed 180. 

13. Stresses due to wind may be neglected if they are less than 25 per cent of the combined 
dead and live loads. 

14. The average permissible pressures on masonry shall be as given in Table II, Part I. 

Details of Construction.—15. The plates forming the sides of the stand-pipe shall be of 
different diameters, so that the courses shall lap over each other, inside and outside, alternately. 

16. The joints for the horizontal seams in the sides, and for the bottom plates, shall pre- 
ferably be lap joints. 

, 17. For further information regarding riveted joints, etc., see Part I, Sections 16, 17, 18, 
and 19. 

18. The minimum thickness of the plates forming the sides shall be } in. and 5 in. for the 
bottom plates, except for oil tanks on a sand foundation. The bottom plates for ordinary stand- 
pipes shall be provided with tapped holes, 1} in. in diameter, with screw plugs, spaced at about 
4 ft. centers, to permit of filling with cement grout on top of the foundation of the masonry while 
the bottom part is being erected, in order to secure proper bearing. 

19. Oil tanks of large diameter are generally set directly on a sand foundation, and do not 
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need any holes in the bottom plates for filling beneath with cement grout. In such cases, } in. 


bottom plates will be sufficient. 

20. The bottom plates shall be connected with the sides by an angle iron riveted inside the 
stand-pipe. This angle iron shall be bevel sheared for caulking along both legs. For the caulking 
of plates, see Part I, Sections 22 and 23. 

21. On the side and near the bottom there shall be a 12 by 18 in. manhole of elliptical shape. 
In the same manner, or on the bottom plates, flanges shall be provided for the connection of 
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inlet and outlet pipes of the sizes specified by the owner. All openings in stand-pipes shall be 
properly reinforced by forged rings or plates. 
; 22. For stiffening angles, etc., see Part I, Sections 32 and 33. 

23. In cases where a roof is used see Section 5; Sections 34, 35, and 36 of Part I should also 
be followed. 

24. There shall be an outside ladder, 1 ft. 3 in. wide, extending from a point about 8 ft. above 
the foundation to the top of the stand-pipe. The ladder shall be made of two 23 by # in. bars with 
2 in. round rungs I ft. apart. An inside ladder will not be required. (In no case should inside 
ladders be provided on stand-pipes in climates where ice will form. Owners of oil tanks often 
specify stairways to take the place of ladders.) All ladders shall be able to sustain a concentrated 
load of at least 800 lb. 

25. Large stand-pipes for oil storage, the heights of which are very small compared with 
their diameter, will generally be set directly on a sand foundation, and will not need any anchorage 
whatever, as the overturning moment is very small in comparison with the resisting moment. 

26. Stand-pipes of the ordinary type, for water storage, shall be set on concrete foundations, 
and shall be anchored thoroughly thereto with anchor-bolts not less than 1+ in. in diameter, 
set deep enough to take the necessary uplift, and provided with an anchor plate not less than 3 in. 
thick in the masonry. All anchor bolts shall be connected directly to the sides of the stand-pipe 
with bent plates or similar details. The unit stress in anchor-bolts shall not exceed 15,000 lb. 
per sq. in. of net area. See Part I, Section 43. 

27. All detailed drawings shall be subject to the owner’s approval before work is commenced. 

28. For materials, workmanship, inspection, painting, and testing, see Part III; for founda- 
tions, see Part IV. 


Parr III. MATERIALS, WORKMANSHIP, INSPECTION, PAINTING, AND TESTING. 


Structural Steel.—1. The steel sliall be made by the open-hearth process. 
2. The chemical and physical properties shall conform to the following limits: 


Elements considered. Structural Steel. Rivet Steel. 

: : iP: FOO Meee SORE reece ae 0.04 per cent 0.04 per cent 
Phosphorus, maximum { Rasy 70700000000 000 ott cog ff 
Sulphur, maximum... 0... 62 ee sees ee ee cee teens: (©:05 aie OlO4 deans 

Desired Desired 
Ultimate tensile strength, in pounds per square inch..... 60,000 50,000 


longation: minimum percentage in 8 in. Fig. 1......... BeSeee) EES 
eee eee d a Ultimate tensile Ultimate tensile 
strength strength 
Elongation: minimum percentage in 2 in. Fig. 2.......-. 22 ee 
(handcter Of fracture. .ys 4 ceoseevs sees wieliorsic vetels eset sos Silky Silky 
Gold! bends without fracture: . 2.1. <ie< 50 oe cee eee wee eee 180° flat 180° flat 


The yield point, as indicated by the drop of beam, shall be recorded in the test reports. 

3. If the ultimate strength varies more than 4,000 Ib. from that desired, a re-test shall be 
made on the same gage, which to be acceptable, shall be within 5,000 lb. of the desired ultimate. 

4. Chemical determination of the percentages of carbon, phosphorus, sulphur, and manganese 
shall be made by the manufacturer from a test ingot taken at the time of the pouring of each 
melt of steel, and a correct copy of such analysis shall be furnished to the engineer or his inspector. 
Check analyses shall be made from finished material, if called for by the purchaser, in which case 
an excess of 25 per cent above the required limits will be allowed. 

5. Specimens for tensile and bending tests, for plates, shapes, and bars, shall be made by 
cutting coupons from the finished product, which shall have both faces rolled and both edges 
milled to the form shown by Fig. 1; or with edges parallel; or they may be turned to a diameter 
of 2 in. for a length of at least 9 in. with enlarged ends. 

6. Rivet rods shall be tested as rolled. 

7. Specimens shall be cut from the finished rolled or forged bar, in such manner that the 
center ot the specimen shall be 1 in. from the surface of the bar. The specimen for the tensile 
test shall be turned to the form shown by Fig. 2. The specimen for the bending test shall be I in. 
by # in. in section. 

8. Material which is to be used without annealing or further treatment shall be tested in the 
condition in which it comes from the rolls. When material is to be annealed, or otherwise treated 
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before use, the specimens for tensile test representing such material shall be cut from properly 
annealed or similarly treated short lengths of the full section of the bar. 
g. At least one tensile and one bending test shall be made from each melt of steel as rolled. 
In case steel differing 2 in. and more in thickness is rolled from one melt a test shall be made 
from the thickest and thinnest material rolled. 
2 
cs 


= 
About 3” %,. Parallel Section- 


(ab is® | Not less than 9!" »! 
all ot less than Ossi 
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About 2” 
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kk-- -------~---------, About 18"----------- al 
Fic. I. 


10. For material less than 3; in. and more than $ in. in thickness, the following modifications 
will be allowed in the requirements for elongation: 

(a) For each 3; in. in thickness below 3% in., a deduction of 23 from the specified percentage 
will be allowed. ; 

(b) For each 2 in. in thickness above 3 in., a deduction of 1 from the specified percentage 
will be allowed. 

11. Bending tests may be made by pressure or by blows. Plates, shapes, and bars less 
than 1 in. thick shall bend as called for in Section 2. 

12. Angles 2 in. and less in thickness shall open flat, and angles } in. and less in thickness 
shall bend shut, cold, under blows of a hammer, without sign of fracture. This test will be made 
only when required by the inspector. 

13. Rivet steel, when nicked and bent around a bar of the same diameter as the rivet rod, 
shall give a gradual break and a fine, silky, uniform fracture. of 

14. Finished material shall be free from injurious seams, flaws, cracks, defective edges, or 
other defects, and have a smooth, uniform, workmanlike finish, Plates 36 in. in width and less 
shall have rolled edges. 

15. Every finished piece of steel shall have the melt number and the name of the’manufacturer 
stamped or rolled upon it. Steel for pins shall be stamped on the end. Rivet and lattice steel 
and other small parts may be bundled, with the above marks on an attached metal tag. 

16. Material which, subsequent to the foregoing tests at the mills, and its acceptance there, 
develops weak spots, brittleness, cracks, or other imperfections, or is found to have injurious 
defects, will be rejected at the shop, and shall be replaced by the manufacturer at his own cost. 

17. A variation in cross-section or weight of each piece of steel of more than 24 per cent from 
that specified will be sufficient cause for rejection, except in cases of sheared plates, which will be 
covered by the following permissible variations, which are to apply to single plates: 

Plates weighing 124 lb. per sq. ft. or more: 

(a) Up to 100 in. wide, 24 per cent above or below the prescribed weight; 

(b) 100 in. wide or more, 5 per cent above or below. 

_ Plates weighing less than 12} lb. per sq. ft.: 

(a) Up to 75 in. wide, 24 per cent above or below; 

(b) 75 in., and up to 100 in. wide, 5 per cent above or 3 per cent below; 

(c) 100 in. wide or more, 10 per cent above or 3 per cent below. 

18. Plates will be accepted if their thickness is not more than 0.01 in. less than that ordered. 

19. An excess over the nominal weight, corresponding to the dimensions on the order, will 
be allowed for each plate, if not more than that shown in Table IV, 1 cu. in. of rolled steel being 
assumed to weigh 0.2833 lb. 

Cast Iron.—2o. Except where chilled iron is specified, castings shall be made of tough, gray 
iron, with not more than 0.10 per cent of sulphur. They shall be true to patterns, out of wind, 
and free from flaws and excessive shrinkage. If tests are demanded, they shall be made on the 
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TABLE IV. 


Thickness, in Nominal Weight in ee ae a 


Inches. ip ae i Up to 75 In. 75 In. and up to roo In. and up to 


roo In. 115 In. 


10.20 IO per cent 14 per cent 18 per cent 
“ 12 i “ 16 ce “ce 


foun 


“ 


12.75 
15.3 
17.85 
20.4 
22.95 
25-5 


fossmest tonto 


Ni ic QM oo 


+e 
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“ Arbitration Bar” of the American Society for Testing Materials, which is round bar, 1% in. in 
diameter and 15 in. long. The transverse test shall be made on a supported length of 12 in. with 
the load at the middle. The minimum breaking load thus applied shall be 2,900 Ib., with a 
deflection of at least yy in. before rupture. 

Workmanship, Inspection, and Painting.—21. All parts forming the structure shall be built 
in accordance with approved drawings. The workmanship and finish shall be equal to the best 
in modern shop practice. 

22. All material shall be thoroughly straightened in the shop, by methods which will not 
injure it, before being laid off or worked in any way. 

23. The shearing shall be done neatly and accurately, and all portions of the work exposed 
to view shall have a neat and uniform appearance. 

24. The size of each rivet, called for by the plans, shall be understood to mean the actual 
size of the cold rivet before it is heated. 

25. All plates and shapes shall be shaped to the proper curve by cold rolling; heating or 
hammering for straightening or curving will not be allowed. 

26. Plates to be scarfed may be heated to a cherry-red color, but not hot enough to ignite a 
piece of dry wood when applied to it. Most careful attention shall be paid to all scarfing. 

27. All plates or shapes shall be punched before being bevel-sheared or planed for caulking. 

28. All screw threads shall-make tight fits in the nuts and turnbuckles, and shall be United 
States Standard, except for diameters greater than 13 in., when they shall have six threads per 
inch. The dimensions of screws of various sizes shall be as follows: 

Diameter of screw ends.......... Sees se cot SeereceD Le tin. «din. 1din, 1% and greater 
Number of threads per inch.......... dite hie Mate Catie gaat 8 7 6 
The minimum excess at the root of the thread over the body of the bar shall be 15 per cent. 
The shape of the thread shall be U. S. Standard. 


TABLE V. 
STANDARD UPSETS FOR ROUND AND SQUARE Bars. 


Round Bars. Square Bars. 


Bar. Upset. Bar. Upset. 


Diameter, in Inches. Diameter, in Inches. Side, in Inches. Diameter, in Inches. 
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29. The diameter of the die used in punching rivet holes shall not exceed that of the punch 
by more than 3; in. All rivet holes shall be punched, except as stated in Part I, Section 19. 

30. All punched and reamed bolts shall be clean cuts, without torn or ragged edges. The 
burrs on all reamed holes shall be removed by a tool, countersinking not more than yz in. Any 
parts of the structure in which difficulties may arise in field riveting, shall be assembled in the 
shop and marked properly before shipment. ae 

31. Rivet holes shall be accurately spaced; eccentrically located rivet holes, if not sufficient 
to cause rejection shall be corrected by reaming, and rivets of larger size shall be used in the 
holes thus reamed. 

32. The use of drift-pins will be allowed only for bringing together several parts forming 
part of the structure; force will not be allowed to be used in drifting under any circumstances. 

33. The use of sledges in driving or hammering any part of the structure will not be allowed. 
Care shall be taken to prevent material from falling, or from being in any way subjected to heavy 
shocks. 

34. Rivets shall be driven by pressure tools wherever possible. Pneumatic hammers shall 
be used in preference to hand-driving. All rivet heads shall be concentric with the holes. 

35. All caulking shall be done with a round-nosed tool, and only by experienced and skilled 
men. Caulking around rivet heads will not be allowed. All leaky rivets shall be cut out and 
replaced with new ones. All fractured material shall be replaced free of cost to the owner. 

36. If the owner furnishes an inspector, he shall have full access, at all times to all parts of 
the shop where material under his inspection is being manufactured. : 

37. The inspector shall stamp with a private mark each piece accepted. Any piece not thus 
marked may be rejected at any time, and at any stage of the work. If the inspector, through 
oversight or otherwise, has accepted material or work which is defective or contrary to these 
specifications, this material, no matter in what stage of completion, may be rejected by the owner. 

Painting and Testing.—38. Before leaving the shop, all steel work excepting the laps in 
contact on the tank work, shall receive one coat of approved paint or boiled linseed oil. All 
parts which will be inaccessible after erection shall be well painted, except as stated before. 

39. After the structure is erected and all seams have been caulked, it shall be tested for 
water-tightness, and leaky places shall be caulked or marked. The water shall then be dis- 
charged and the leaky seams shall be caulked. Leaky rivets shall be treated as per Section 35. 
After the structure has been standing empty for 3 days it shall be retested, and then, if all joints 
are water-tight, it shall be given one coat of approved paint both inside and outside of the tank or 
stand-pipe. Painting in the open air shall never be done in wet or freezing weather. The owner 
will select the color of the final coat of paint. : 

40. The contractor shall guarantee the tightness of the tank, or stand-pipe, against leakage, 
when filled with the liquid it is designed to contain. 


Part IV. FOUNDATIONS FOR ELEVATED TANKS ON TOWERS, AND FOR STAND-PIPES. 
1. The average permissible pressure on the soil is as follows: 


Soft'clay: cts deena nals Sense aian ee eee Netra Resins I ton per sq. ft. 
Ordinary.clayi - -..chus ersten e Ogisee ikayse re Vibe kele eiet ocr ale 2 tons per sq. ft. 
Dry sand and dry clay... ......e eee reese eee eee eee e ee eee 3 tons per sq. ft. 
Hard! clay. cdruehs ap uteketetels(ateres- C Aro conn atecorenetro ae a 4 tons per sq. ft. 
Gravel and) iCOArse! SAT yee tet seies scars tednts el oteys rope (ats eye penonieae oes 6 tons per sq. ft. 


2. In all cases a thorough investigation of the ground and the site shall be made before 
proceeding with the foundations. 

3. All foundations shall be carried below the frost line, and the anchor-bolts shall be placed 
deep enough to develop their full strength. ’ 

4. In foundations for towers with inclined legs supporting elevated tanks care shall be taken 
that the piers are constructed in such a manner, that the resultant of the vertical and horizontal 
forces, due to direct loads, passes through the center of gravity of the piers. 

5. Foundations, in general, shall be of concrete composed of 1 part Portland cement, 3 parts 
sand, and 5 parts crushed stone or gravel. In special cases, where part of the foundation is 
under water, the concrete shall be a I : 2 : 4 mixture. 

Note.—For specifications for mixing and placing the concrete in the foundations, see Chap- 


ter V. 
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GENERAL SPECIFICATIONS FOR STEEL WATER AND OIL TANKS.* 


1. Scope of Specifications.—These specifications are intended for steel tanks requiring plates 
not more than $ in. thick. e 

2. Quality of Metal.—The metal in these tanks shall be open-hearth steel. The steel shall 
conform in physical and chemical properties to the specifications of this Association for steel 
bridges. 

3. Loading.—The weight of water shall be assumed to be 63 |!b., crude oil 56 Ib., and creosote 
oil 66 lb. per cu. ft. Wind pressure, acting in any direction, shall be assumed to be, in pounds, 
30 times the product of the height by two-thirds of the diameter of the tank in feet. 

. Unit Stresses.—Unit stresses shall not exceed the following: 

&) Tension in plates, 15,000 lb. per sq. in. on net section. 

(b) Shear in plates, 12,000 lb. per sq. in. on net section. 

(c) Shear on rivets, 12,000 lb. per sq. in. on net section. 

(d) Bearing pressure on field rivets, 20,000 Ib. per sq. in. 

5. Cylindrical Rings.—Plates forming the shell of the tank shall be cylindrical and a different 
diameters, in and out, from course to course. 

6. Workmanship.—All workmanship shall be first-class. All plates shall be beveled on all 
edges for caulking after being punched. The punching shall be from the surface to be in contact. 
The plates shall be formed cold to exact form after punching and beveling. All rivet holes shall 
be accurately spaced. Drift pins shall be used only for bringing the parts together. They shall 
not be driven with enough force to deform the metal about the holes. Power riveting and caulking 
should be used. A heavy yoke or pneumatic bucker shall be used for power driven rivets. Rivet- 
' ing shall draw the joints to full and tight bearing. 

7. Caulking.—The tank shall be made water or oil tight by caulking only. No foreign 
substance shall be used in the joints. For water tanks, the caulking shall preferably be done 
on the inside of tank and joint only; but for oil tanks the caulking should be done on both sides. 
No form of caulking tool or work that injures the abutting plate shall be used. 

8. Minimum Thickness of Plates——The minimum thickness of plates in the cylindrical 
part of the tank shall not be less than } in. and in flat bottoms not less than 3 in. In curved 
bottoms the thickness of plate shall be not less than that of the lower plate in the cylindrical part. 

9. Horizontal and Radial Joints.—Lap joints shall generally be used for horizontal seams 
and splices and for radial seams in curved bottoms. 

10. Vertical Joints.—For vertical seams and splices, lap joints shall be used with plates not 
more than § in. thick. With thicker plates, double butt joints with inside and outside straps 
shall generally be used. The edge of the plate in contact at the intersection of horizontal and 
vertical lap joints shall be drawn out to a uniform taper and thin edge. 

11. Rivets, Rivet Holes, Punching and Pitch.—For plates not more than ? in. thick, § in. 
rivets shall be used. For thicker plates, 2 in. rivets shall be used. The diameter of rivet holes 
shall be #s in. larger.than the diameter of the rivets used. The punching shall conform to the 
specifications of this Association for such work on steel bridges. A close pitch, with due regard 
for thickness of plate and balanced stress between tension on plates and shear on rivets, is desirable 
for caulking. : 

12. Tank Support.—If the tank is supported on a steel substructure, the latter shall con- 
form to the specifications of this Association for the manufacture and erection of steel bridges, 
except that allowance shall be made for wind pressure, but not for impact. 

13. Painting.—In the shop the metal shall be cleaned of dirt, rust and scale and, except the 
surfaces to be in contact in the joints of the tank, shall be given a shop coat of paint or metal 
preservative selected and applied as specified by the company. 

After being completely erected, caulked and cleaned of dirt, rust and scale, all exposed metal 
work shall be painted or treated with such coat or coats of paint or metal preservative as shall 
be selected by the railway company. 

14. Plans and Specifications.—Under these specifications and in conformity thereto the 
railway company shall cause to be prepared or shall approve detailed plans and specifications for 
such tanks, herein specified, as it shall! construct. Such plans and specifications shall cover all 
necessary tank auxiliaries. 

REFERENCES. Hazlehurst’s “ Towers and Tanks for Waterworks,’’ second edition, 1904, 
published by John Wiley & Sons, covers the design and construction of steel stand-pipes and steel 
elevated tanks on steel towers, and supplements the data and discussion in this chapter. Con- 
siderable data on the design and construction of stand-pipes and elevated tanks on towers for 
railway service are given in the annual reports of the proceedings of the American Railway En- 
gineering Association, particular reference is made to volume 11, part 2; volume 12, part 3, and 
volume 13. 


* Adopted, Am. Ry. Eng. Assoc., Vol. 13, 1912. 
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CHAPTER XII. 


STRUCTURAL DRAFTING. 


PLANS FOR STRUCTURES. 


Introduction.—The plans for a structure must contain all the information necessary for the 
design of the structure, for ordering the material, for fabricating the structure in the shop, for 
erecting the structure, and for making a complete estimate of the material used in the structure. 
Every. complete set of plans for a structure must contain the following information, in so far.as 
the different items apply to the parcicular structure. 

In writing this chapter the instructions of many bridge companies have been consulted; 
special credit being due the instructions prepared by the American Bridge Company, the Penn- 
sylvania Steel Company, and the McClintic-Marshall Construction Company. 

1. General Plan.—This will include a profile of the ground; location of the structure; ele- 
vations of ruling points in the structure; clearances; grades; (for a bridge) direction of flow, high 
water, and low water; and all other data necessary for designing the substructure and super- 
structure. 

2. Stress Diagram.—This will give the main dimensions of the structure, the loading, stresses 
in all members for the dead loads, live loads, wind loads, etc., itemized separately; the total 
maxirium stresses and minimum stresses; sizes of members; typical sections of all built members 
showing arrangement of material, and all information necessary for the detailing of the various 
parts of the structure. 

3. Shop Drawings.—Shop detail drawings should be made for all steel and iron work and 
detail drawings of all timber, masonry and concrete work. 

4. Foundation or Masonry Plan.—The foundation or masonry plan should contain detail 
drawings of all foundations, walls, piers, etc., that support the structure. The plans should 
show the loads on the foundations; the depths of footings; the spacing of piles where used; the 
proportions for the concrete; the quality of masonry and mortar; the allowable bearing on the 
soil; and all data necessary for accurately locating and constructing the foundations. 

5. Erection Diagram.—The erection diagram should show the relative location of every part 
of the structure; shipping marks for the various members; all main dimensions; number of pieces 
in a member; packing of pins; size and grip of pins, and any special feature or information that 
may assist the erector in the field. The approximate weight of heavy pieces will materially assist 
the erector in designing his falsework and derricks. 

6. Falsework Plans.—For ordinary structures it is not common to prepare falsework plans 
in the office, this important detail being left to the erector in the field. For difficult or important 
work erection plans should be worked out in the office, and should show in detail all members and 
connections of the falsework, and also give instructions for the successive steps in carrying out 
the work. Falsework plans are especially important for concrete and masonry arches and other 
concrete structures, and for forms for all walls, piers, etc. Detail plans of travelers, derricks, 
etc., should also be furnished the erector. 

7. Bills of Material.—Complete bills of material showing the different parts of the structure 
with its mark, and the shipping weight should be prepared. This is necessary in checking up 
the material to see that it has all been shipped or received, and to check the shipping weight. 

8. Rivet List.—The rivet list should show the dimensions and number of all field rivets, 
field bolts, spikes, etc., used in the erection of the structure. 

9. List of Drawings.—A list should be made showing the contents of all drawings belonging 


to the structure. 
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STRUCTURAL DRAWINGS. 


METHODS.—The drawings for structural steel work differ from the drawings for machinery 
in that (a) two scales are used, one for the length of the member or the skeleton of the structure, 
and one for the details; (6) members are commonly shown by one projection; and (c) the drawings 
are not to exact scale, all distances being governed by figures. 

Two methods are used in making shop drawings. 
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Fic. 1. Truss Jornt, COMPLETELY DETAILED. 


(1) The first method is to make the drawings so complete that the templets can be made 
for each individual piece on the bench. This method is used for all large trusses and members, 
and where there is not room to lay the member out on the templet shop floor. The details for the 
joint of a Fink roof truss completely detailed are shown in Fig. 1: A joint of a roof truss of the 
locomotive shop of the A. T. & S. F. Ry., at Topeka, Kansas, is completely detailed in Fig. 2. 

(2) The second method is to give on the drawings only sufficient dimensions to locate the 
position of each member, the number of rivets, and the sizes of members, leaving the details to 
be worked out by the templet maker on the laying-out floor. Sufficient data should be given 
to definitely locate the main laying-out points. The interior pieces should be located by center 
lines corresponding to the gage lines of the angles, or center line of the piece, as the case may be. 
The rivet spacing should be given complete for members detailed on different sheets, or where 
it is necessary to obtain a required clearance, and other places where it will materially assist the 
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templet maker. The drawings should indicate the number and arrangement of the rivets in each 
connection, as well as the maximum, the usual and the minimum rivet pitch allowed. Sketch 
details of the joint which was completely detailed in Fig. 1 are shown in Fig. 3, and the outline 
details of a roof truss by the second method are shown in Fig. 4. 
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Fic. 2. Jornt or Roor Truss CoMPLETELY DETAILED. 
(Section of Shop Details of Roof Truss.) 


Members may be detailed in the position which they are to occupy, or they may be detailed 
separately. For riveted trusses and riveted members the entire truss or member should be 
detailed in position. The detail shop plans for a riveted brace are shown in Fig. 5. The field 
rivets are shown by black and the shop rivets by open circles. The center lines are indicated by 
dotted lines. Light full black lines are commonly used for dimension lines, while red dimension 
lines are sometimes used but do not make as good blue prints as black lines. 

RULES FOR SHOP DRAWINGS.—The following rules are essentially those in use by 
the best bridge and structural shops. 

Size of Sheet.—The standard size of sheet shall be 24 X 36 in. with two border lines 3 and 1 in. 
from the edge respectively, see Fig. 6. Sheets 18 X 24 in. with two border lines 4 and-1 in. 
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from the edge respectively, may also be used. - For beam sheets, bills of material, etc., use letter 
size sheets 8} X II in. 

Title.—The title shall be arranged uniformly for each contract and shall be placed in the 
lower right hand corner. The title shall contain the name of the job, the description of the 
details on the sheet, the number of the sheet, spaces for approval and other information as shown 
in Fig. 6. 

Scale.—The scale of the lengths of the members or skeleton of the structure shall be 4, or 3, 
or Fin. to 1 ft., depending upon the available space and the complexity of the member or structure. 
Shop details shall as a rule be made $ or 1 in. tor ft. For small details 13 and 3 in. to I ft. may 
be used; while for large plate girders } or 3 in. to 1 ft. may be used. 

Views Shown.—Drawings shall be neatly and carefully made to scale. Members shall be 
detailed in the position which they will occupy in the structure; horizontal members being shown 
lengthwise, and vertical members crosswise on the sheet. Inclined members (and vertical members 
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Fic. 3. Truss Joint, SKETCH DETAILED. 


when necessary on account of space) may be shown lengthwise on the sheet, but then only with 
the lower end on the left. Avoid notes as far as possible; where there is the least chance for _ 
ambiguity, make another view. 

In truss and girder spans, draw the inside view of the far truss, left hand end, Fig. 7. The 
piece thus shown will be the right hand, and need not be marked right. In cases where it is 
necessary to show the left hand of a piece, mark ‘left-hand shown” alongside the shipping mark. 

Show all elevations, sections and views in their proper position, looking toward the member. 
Place the top view directly above, and the bottom view directly below the elevation. The bottom 
view should always consist of a horizontal section as seen from above. 

In sectional views, the web (or gusset plate) shall always be blackened; angles, fillers, etc., 
may be blackened or cross-hatched, but only when necessary on account of clearness. Ina plate 
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girder, for example, it is not necessary to blacken or cross-hatch all the fillers and stiffeners in the 


bottom view. 


hall always be blackened, and shall, as a rule, be shown in all 


Holes for field connections s 


elevations and sectional views. 


Rivet heads shall be shown only where necessary; for example, 


In detailing 


at the ends of members, around field connections, when countersunk, flattened, etc. 


members which adjoin or connect to others in the structure, part of the latter shall be shown in 
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dotted lines, or in red, sufficiently to indicate the clearance required or the nature of the connection. 
Plain building work is exempted from this rule. 

A diagram to a small scale, showing the relative position of the member in the structure, 
shall appear on every shtet, Fig. 8 and Fig. 9. The members detailed on the sheet shall be shown 
by heavy black lines, the remainder of the structure in light black lines. Plain building work is 
exempt from this rule. 
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Fic. 10. CONVENTIONAL SIGNS FOR RIVETS. 


When part of one member is detailed the same as another member, figures for rivet spacing 
need not be repeated; refer to previous sheet or sheets, bearing in mind that these must contain 
final information. J# is not permissible to refer to a sheet, which in turn refers to another sheet. The 
section, finished length, and the assembling mark for each member shall be shown on every sheet. 
Main dimensions which are necessary for checking, such as c. to c. distances, story heights, etc., 
shall be repeated from sheet to sheet. Holes for field connections must always be located inde- 
pendently, even if figured in connection with shop rivets; they” shall be repeated from sheet to 
sheet unless they are standard, in which case they shall be identified by a mark and the sheet 
given on which they are detailed. 

The quality of material, workmanship, size of rivets, etc., shall be specified on every sheet as 
far as it refers to the sheet itself. Standard workmanship need not be specified on each sheet. 

Lettering.—Engineering News lettering as developed by Reinhardt in his book on freehand 
lettering shall be used on all drawings. Preferably main titles and sub-titles shall be vertical 
and the remainder of the lettering inclined. The height of letters shall be as follows: Main titles— 
capitals 5/50 in., small capitals 12/50 in.; sub-titles—capitals, full height lower case letters and 
numerals 5/20 in., lower case letters 3/20 in.; other lettering—capitals, full height lower case letters 
and numerals 5/30 in., lower case letters 3/30 in. Where the drawing is crowded the body of the 
lettering may be 5/40 in. and 3/40 in. respectively. The following pens are recommended: For 
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titles Leonardt & Co.’s Ball-Pointed No. 516F; for all other lettering Hunt Pen Co.’s extra fine Shot 
Point, No. 512. No pen finer than Gillott’s No. 303 should be used. Light pencil guide lines 
shall be drawn for all lettering. All tracings shall be made on the dull side of the tracing cloth. 
Erasures shall be made with soft rubber pencil eraser and a metal shield. Rubber erasers con- 
taining sand destroy the surface of the cloth and make it difficult to ink over the erased spot. 
The use of knives or steel erasers will not be permitted. Tracings shall be cleaned with a very 
soft rubber eraser, and not with gasolene or benzine, which destroy the finish of the tracing cloth. 
All lines shall preferably be made with black India ink; full lines to represent members, dash and 
dot to represent center lines, and dotted lines (or full light black lines) to represent dimension 
lines. If permitted by the chief draftsman red ink may be used for dimension and center lines. 
The ends of dimension lines shall, however, always be indicated by arrows made with black 
ink. 

Conventional Signs.—Conventional signs for rivets are shown in Fig. 10. Countersunk 
rivets project # in.; if less height of rivets is required, drawings shall specify that they are to be 
chipped, or the maximum projection may be specified. Flattened heads project 2 in. to 7 in; 
if less height of heads is required, they shall be countersunk. Metals in section shall be shown 
as in Fig. 11. Standards for rivets and riveting are given in Part II, which see. 

Marking System.—A shipping mark shall be given to each member in the structure, and no 
dissimilar pieces shall have the same mark. The marks shall consist of capital letters and num- 
erals, or numerals only; no small letters shall be used except when sub-marking becomes absolutely 
necessary. The letters R and L shall be used only to designate “right” and “‘left.’’ Never use 
the work ‘‘marked” in abbreviated form in front of the letter, for example say, 3 Floorbeams Ga, 
and not, 3 Floorbeams, Mk. G4. Whenever a structure is divided up into different contracts care 
should be taken not to duplicate shipping marks. Pieces which are to be shipped bolted on a 
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Steel Steel Cast Iron’ Cast Steel Bronze 
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member shall also have a separate mark, in order to identify them should they for some reason 
or another become detached from the main member. The plans shall specify which pieces are 
to be bolted on for shipment, and the necessary bolts shall be billed. For standard marking 
system for a truss bridge, see Fig. 7. 

A system of assembling marks shall be established for all small pieces in a structure which 
repeat themselves in great numbers. These marks shall consist of small letters and numerals 
or numerals only; no capital letters shall be used; avoid prime and sub-marks, such as M,’. Pieces 
that have the same assembling mark must be alike in every respect; same section, length, cutting 
and punching, etc. 

Shop Bills.—Shop bills shall be written on special forms provided for the purpose. When 
the bills appear on the drawings as well, they shall either be placed close to the member to which 
they belong or on the right hand side of the sheet. When the drawings do not contain any shop 
bills, these shall be so written that each sheet can have its bill attached to it if desired; one page of 
shop bills shall not contain bills for two sheets of drawings. In large structures which are sub- 
divided into shipments of suitable size, both mill and shop bills must be written separately for 
each shipment. In writing the shop bill bear in mind that it shall serve as a guide for the laying 
out and assembling of the member, besides being a list of the material required. For this reason 
members which are radically different as to material shall not be bunched in the same shop bill, 
neither shall pieces which have different marks be bunched in the same item, even if the material 


400 STRUCTURAL DRAFTING. Cuap. XII. 


isthe same. Bill first the main material in the member, and follow with the smaller pieces, begin- 
ning at the left end of a girder, or at the bottom of a post or girder. Ona column each different 
bracket shall be billed complete by itself. Do not bill first all the angles and then all the flats; 
for example when the end stiffeners in a girder are billed, the fillers belonging to them shall follow 
immediately after the angles, and so on. 

When machine-finished surfaces are required, the drawing and the shop bill shall specify the 
finished width and length of the piece, the proper allowance for shearing and planing being made 
in the mill bill. When the metal is to be planed as to thickness, the drawing and the shop bill 
shall specify both the ordered and the finished thickness; one pl. 15 in. X $in. X 1 ft. 6in. (planed 
from 13/16 in.). 

Field Rivets.—A “Bill of Field Rivets” shall be made for each structure. The “Bill of Field 
Rivets” shall give in order the number, diameter, grip, length and the location of the rivets in 
the structure. The number of field rivets to be furnished to the erector shall be the actual number 
of each diameter and length required, plus 15 per cent, plus Io. 

Field bolts shall be billed on “bill of rivets and bolts” only. Bill them similarly to field rivets, 
and give the drawing number on which they are shown; 4—bolts 7 in. X 2 in. grip, 3 in. U. He 
stringers “S” to floorbeam “F” drawing No. 13, 4 hex. (or 4 square) nuts for above bolts.’ Bill 
of bolts and bill of field rivets shall be prepared and placed in the shop in time to be made. with 
other material. 

General Notes.—Full information regarding the following points shall appear on the drawings, 


where practicable as ‘“General Notes.” Loading ........ , Specifications ......+. , Material 
aerate testes , Rivets .......-, Open Holes ........, Reaming Requirements ........, Other Special 
Requirements ........ , Painting. : 


bills showing the number of pieces, erection mark, and weight shall be made for each shipment. 

Subdivisions.—Every contract embracing different classes of work shall have a subdivision 
for each class. These subdivisions will be furnished by the chief draftsman. Drawings, shop 
and shipping bills must be kept separate for each class. : 

PLATE GIRDER BRIDGES.—General Rules.—The plate girder span shall be laid out 
with regard to the location of web splices, stiffeners, cover plates, and in a through span, floor- 
beams and stringers, so that the material can be ordered at once. Locate splices and stiffeners 
with a view of keeping the rivet spacing as regular as possible; put small fractions at the end of 
girder. Stiffeners, to which cross-frames or floorbeams connect, must not be crimped, but shall 
always have fillers. The outstanding leg shall not be less than 4 in., gaged 2 in.; this will enable 
cross-frames or floorbeams to be swung into place without spreading the girders. The second pair 
of stiffeners at the end of girder over the bed-plate shall be placed so that the plate will project 
not less than I in. beyond the stiffeners. 

Always endeavor to use as few sizes as possible for stiffeners, connection plates, etc., and 
avoid all unnecessary cutting of plates and angles. For this purpose locate end holes for laterals 
and diagonals so that the members can be sheared in a single operation. In spans on a grade, 
unless otherwise specified, put the necessary bevel in the bed-plate and not in the base-plate. 
In short spans, say up to 50 ft. put slotted holes for anchor-bolts in both ends of girders, } in. 
larger diameter than the anchor bolts. 

In square spans, show only one-half, but give all main dimensions for the whole span. In 
skew spans show the whole span; when the panels in one-half of span are same as in the other 
half, give the lengths of these panels, but do not repeat rivet-spacing, except where it differs. 

In the small scale diagram, which shall appear on every sheet, unless span is drawn in full, 
show the position of stiffeners, particularly those to which cross-frames or floorbeams connect. 

Deck Plate Girder Spans.—On top of sheet show a top view of span, with cross-frames, 
laterals and their connections complete, with the girders placed at right distances apart. Below 
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this view show the elevation of the far girder as seen from the inside, with all field holes in flanges 
and stiffeners indicated and blackened. At one end of the elevation show in red the bridge-seat 
and back wall, give figures for distance from base of rail to top of masonry, notch of ties, depth 
of girder, thickness of base-plate and of bed-plate or shoe. When the other end of girder has a 
different height from base of rail to masonry, give both figures at the one end, and specify “for 
this end”’ and “for other end.” If span has bottom lateral bracing, a bottom view (horizontal 
section) shall be shown below the elevation. When no bottom laterals are required, show only 
end or ends of lower flange of girder, giving detail of base-plate and its connection to the flange. 
Detail the bed-plate separately, never show it in connection with the base-plate. 

Cross-frames shall, whenever possible, be detailed on the right hand of the sheet in line with 
the elevation. The frame shall be made of such depth as to permit it being swung into place with- 
out interfering with the heads of the flange rivets in the girders. Always use a plate, not a washer 
with one rivet, at the intersection of diagonals. In skew spans it is always preferable to have an 
uneven number of panels in the lateral system. 

Through Plate Girder Spans.—Show on top of sheet an elevation of the far girder as seen from 
inside; below this view show a horizontal section of span as seen from above with the lateral system 
detailed complete. It is generally best to show floorbeams and stringers in red in this view and to 
detail them on a separate sheet. The stiffeners in a through span should always be arranged so 
that the floor system can be put in place from the center towards the ends. What is said under 
“deck spans ’”’ about showing bridge-seat, back wall, detailing bed-plate separately, etc., applies 
to through spans as well. 

TRUSS BRIDGES.—General Rules.—Before any details are started all c. to c. lengths of 
chords, posts, diagonals, etc., shall be determined, and sketches made of shoes, panel-points, 
splices, etc., so that the material can be ordered as soon as required. 

If not otherwise specified, camber shall be provided in the top chord by increasing the length 
% in. for every 10 ft. for railroad bridges, and 3% in. for every to ft. for highway bridges. This 
increase in length shall not be considered in figuring the length of the diagonals, except in special 
cases, as directed by the engineer in charge. Half the increase in length shall be considered in 
figuring the length of the top laterals. Particular attention must be paid to what is said under 
“General Rules’’ about showing part of adjoining member in red, and about the small scale dia- 
gram on every sheet. 

For every truss bridge an erection diagram shall be made ona separate sheet, giving the ship- 
ping marks of the different members and all main dimensions, such asc. to c. trusses, height of truss, 
number and length of panels, length of diagonals, distance from base of rail to masonry, distance 
from center of bottom chord or pin to masonry, size and grip of pins (Fig. 7), also show in larger 
scale the packing at panel points, state any special feature which the erector needs to look out for, 
and give approximate weight of heavy and important pieces when their weight exceeds five tons. 
If in any place it is doubtful whether rivets can be driven in the field, the erection diagram and 
also the detail drawings shall state that “turned bolts may be used if rivets cannot be driven.” 
A list giving number and contents of drawings belonging to the bridge shall also appear on the 
erection diagram sheet. : 

Riveted Truss Bridges.—In square spans, not too large, show the left half of the far truss as 
seen from the inside and detail all members in their true position, making scale of the skeleton one- 
half the scale of the details. In skew spans, not symmetrical, show the whole of the fartruss. In 
large spans detail every member separately. When detailing web members bear in mind that the 
intersection point on the chord must not be used as a working point for a member which stops 
outside of the chord. A separate working point, preferably the end rivet, shall be established on 
the member proper, and shall be tied up with the intersection point on the chord. 

The clearance between the chord and a web member entering same shall, whenever possible, 
be not less than # in. in heavy and 7; in. in light structures. 

Members shall be marked with the panel points between which they go, for example, end- 
post Lp-U; hip vertical U;-Li; top chord U\-U,, etc., see Fig. 7. 
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Pin-connected Truss Bridges.—In pin-connected truss bridges detail the left half of the far 
truss as seen from the inside, every member by itself. It is generally best to commence with the 
end-post, showing it lengthwise on the sheet with the lower end to the left; then the first section 
of the top chord, and so on. The packing at panel points shall, whenever possible, be so arranged 
that, besides the customary allowance of gs in. for every bar, a clearance of not less than } in. can 
be provided between the two sides of the chord. When two or more plates are used, 34 in. should 
in addition be allowed for each plate. Members shall be marked the same as for riveted truss 
bridges, with the panel points between which they go, see Fig. 7. 

Order of Detailing Truss Spans.—In making detail plans and bills of material the following 
order shall be followed for truss spans. 


1. General drawing; 7. Upper laterals; 

2. End-posts; 8. Lower laterals; 

3. Upper chords; 9. Floorbeams; 

4. Lower chords; to. Stringers; 

5. Intermediate posts; 11. Castings, bolts, eye-bars, pins, etc. 
6. Sway bracing; 


OFFICE BUILDINGS AND STEEL FRAME BUILDINGS.—Number of Drawings.—The 
different sheets shall be numbered consecutively, whether large or small. No half numbers are 
permissible except in emergency cases. It is always well to arrange the number so that the sheets 
follow in the order in which the material is required at the building. The following is yenerally 
a good order: 

; 1. Floor plans for all floors; 

. Column schedule; 

. Cast-iron bases for columns; 

. Foundation girders; 

Foundation beams; 

. First tier of columns; 

. Riveted girders, connecting to first tier of columns 
. Beams connecting to first tier of columns; 

g. Miscellaneous material for above; 

ro. Second tier of columns, etc., etc. : 

Floor Plans.—Floor plans, Fig. 12, shall, as a rule, be made to a scale 3 in. tor ft. A separate 
plan shall be made for each floor, unless they are exactly alike. Columns shall be marked consec- 
utively with numerals, the word Col. always appearing in front of the numeral, for example, 
Col. 20. The architect or engineer has generally on his drawing adopted a system of marking for 
the columns, which should be adhered to, unless altogether too impracticable. Riveted girders 
shall be indicated with two (2) fine lines when they have cover plates, and with four (4) fine lines 
when they have no cover plates. They shall be marked consecutively with numerals, using the 
same marks for girders which are alike. Beams and channels shall be indicated with one single 
heavy line. They shall be marked the same as girders, with numerals, using same marks when 
alike. Tie-rods shall be indicated with one single fine line; they need not have any marks. The 
marking system shall be as uniform as possible for the different floors, i. e., a beam which goes 
between Col. 2 and Col. 3 shall be marked with the same numeral throughout all the floors. All 
figures necessary for making the details shall, as a rule, appear on the floor plan, care being taken 
in writing same to leave room for the erection marks, which must be printed in heavy type above 
the line or lines’representing a beam or girder. : 

Column Schedule.—For every large building a schedule of the columns shall be made before 
the details are started, see Fig. 13. Each column, even should several be alike, shall have a separ- 
ate space, in which shall be given the material and the finished length. As soon as the detail 
drawings for one tier of columns are finished the sheet numbers shall be inserted as shown on the 
sample schedule, Fig. 13, making the schedule serve as an index for the column drawings. 
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Columns.—Columns shall, whenever possible, be drawn standing up on the sheets as they 
appear in the building. If it becomes necessary to draw them lengthwise on the sheet, the base 
shall be to the left. -Particular attention shall be paid to establishing a marking system for 
brackets, splice-plates, etc. A summary of all these standard pieces shall be made for each tier 


Va 


‘aire ae aaa 


VWeb-23g5" 


24'Dl Girder - 


ee | Meth). Sek ae eee eri ee RStee sate So Es cae 
1 | tl epee CAE. “building Line 
| 24 PL Girder he eh 
1A, Os ae be he ee Ake ea 2 ew (ie ean a 
--Floor Line ; 
he J aS — 4 All Tie Rods 2" Diam. 
I SS) NI Sel 4 
F- pee All Well Plates standard. 
i x Ni I ap Jt Top of Dlate Girders iin Wall 
| i S| %! 7" i 
Q! en ae above Floor Line. 
‘Si 
U_ fie ___¥ 
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and sent to the shop as early as practicable, in order that they may be gotten out before the main 
material is taken up. The material for the small pieces shall, as far as possible, be chosen from 
_ stock sizes. Columns shall be marked with the numbers of the floors between which they go; 
Col. 5 (1-3). The lower tier is best marked “Basement Tier.” Standard details for columns are 
given in Fig. 14 and Fig. 15. 

Riveted Girders.—Girders shall be marked with the number of the floors, not with letters, 
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unless requested; for example, 2d Floor, No. 5. What is said under columns about marking system 
for standard pieces applies to girders as well. When a girder is unsymmetrical about the center 
line, and a question may arise how to erect it, one end shall be marked with the number of the 
column to which it connects, or with North, South, East or West. Girders must not be bunched 
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together for the different floors more than to meet the requirements in the field; but they must 
correspond to the tiers of columns as they will be erected. 
Beams.—Beams shall be drawn on the standard forms provided for the purpose. They 


need not be drawn to scale, see Fig. 16 and Fig. 17. Beams shall be marked the same as girders 


with the number of the floor; One 12” I @ 40 lb. X 19-32”, (Mark) 2d Floor No. 35. What 


is said under girders about marking one end, when not symmetrical around the center line, and 
about not bunching the different floors more than to meet the requirements in the field, applies 
to beams as well. 

Whenever possible use standard framing angles, Tables 117 and 118, Part II. If itis deemed 
necessary to use 6in. X 6 in. angles, punch both legs the same as the 6 in. leg of standard; in 33 in. X 
3} in. or 4 in. X 3} in. angles, punch both legs the same as 4 in. leg of standard. It is not abso- 
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lutely imperative that the gage of the framing angles shall be standard as long as the vertical distance 


between the holes and in the 6 in. leg the horizontal distance (2} in.), are kept standard. Holes 
for connections, tie-rods, etc., shall be located from one end of the beam, preferably the left. 
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one end rests on the wall and the other end is framed, then figure from the latter end, be it right 
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This rule may be dispensed with in case of numerous holes regularly spaced in web or 


or left. 


The allowed overrun at ends of beams 


must always be indicated, either by giving figures or by showing wall bearing. Holes at the end 


flange for connection of shelf-angles, buckle-plates, etc. 
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STANDARD DETAILS FOR ROLLED BEAMS. 
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of beam for anchors are best figured from wall end, not connecting them with other figures. The 
distance between end holes in beams which connect through web or flange to columns, girders, etc., 
shall always be given. When framing angles are standard, do not give any figures for either shop 
or field rivets, except the distance from bottom of beam to center of connection or to first holes in 
framing angle, and the horizontal distance between field holes. When special framing angles are 
used, the fact must be noted and figures given for gages, etc. For standard connection holes in 
web of beam all figures required are the distance from bottom of beam to centre of connection or 
to first hole and the horizontal distance between holes. Whenever possible use standard punching. 
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ERECTION PLAN FOR MILL BUILDINGS.—The preceding method for office buildings 
will need considerable modification for steel frame mill buildings. The following method for 
making erection plans for steel frame mill buildings has been found very satisfactory. 

If the points of the compass are known, mark all pieces on the north side with the letter, N, 
those on the south with the letter, S, etc. Mark girts N.G.1; N.G.2; etc. Mark all posts with a 
different number, thus: N.P.1; N.P.2; etc. Mark small pieces which are alike with the same 
mark; this would usually include everything except posts, trusses and girders, but in order to 
follow the general marking scheme, where pieces are alike on both sides of a building, change the 
general letter; e. g., N.G.7 would be a girt on the north side and S.G.7 the same girt on south side. 
Then in case the north and south sides are alike, only an elevation of one side need be shown, and 
under it a note thus: ‘Pieces on south side of building, in corresponding positions have the same 
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number as on this side, but prefixed by the letter, S, instead of the letter, N.’”’ Mark trusses 
T.1; T.2; etc. Mark purlins R.1; R.2; etc. 

The above scheme will necessarily have to be modified more or less according to circum- 
stances; for example, where a building has different sections or divisions applying on the same order 
number, in which case each section or division should have a distinguishing letter which should 
prefix the mark of every piece. In such cases it will perhaps be well to omit other letters, such as 
N., S., etc., so that the mark will not be too long for easy marking on the piece. In general, 
however, the scheme should be followed of marking all the larger pieces, whether alike or not, 
with a different mark. This would refer to pieces which are liable to be hauled immediately to 
their places from the cars. But for all smaller pieces which are alike, give the same mark. 

DETAIL NOTES.—Sections.—End views of sections shall be shown as in (a) Fig. 19, and 
sections shall be cross-hatched or blackened as shown in (b) Fig. 19. 

Assembling Note.—Covers, webs, flange angles, etc., must not be marked alike when it 
would be necessary to turn them end for end, see (c) Fig. 19. 

Rivet Spacing.—Rivet spacing must be tied up from end to end. 
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Connection Plates.—In detailing connection plates wherever bevel for holes on lines baal 
(d) and (e) Fig. 19, is different, spacing for holes on lines “a” should be made different to prevent 
plates from being interchanged. 

Writing Angles.—In writing angles give the longer leg first, IL 6" Kx 4 XK £0 100s 

Writing Plates.—In writing plates the width of the plate is given in inches, the thickness in 
inches, and the length in ft. and in.; 2—-Pl. 48” X 3” X 15’-03”. A length of 9 in. should be 
written o’-9” and not 9”. The width of a plate is the dimension at right angles to the length 
of the member, while the length of a plate is the dimension parallel to the length of the member 
to which the plate is attached; except that for lacing bars, tie plates and other universal mill 
plates 6 inches and less in width the least dimension is taken as the width of the member, and 
for splice plates the width is the dimension at right angles to the splice. 

Writing Sections.—Sections are written as follows: 1-I 12” @ 40 lb. X 16’-32". 

Miscellaneous.—Bevels may be shown as so many inches in 12”, (a) Fig. 20; or where con- 
venient the total lengths may be given as in (b) Fig. 20. The latter method is the better as it 
assists the checker and the templet maker. ; 

The maximum amount that one leg of an angle can be bent is 45°. For a greater bend than 
45° a bent plate shall be used, (c) Fig. 20. 

The center to center length of stiff laterals should be not less than zs in. short. 

Do not use 2 sizes of rivets in the same leg, or same angle, or same piece unless absolutely 
necessary. 
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Where unequal legged angles are used mark the width of one leg of the angie on the leg. 

Where heavy laterals are spliced in the middle by a plate, ship the plate riveted to one angle 
only. 

Do not countersink rivets in long pieces unless absolutely necessary. 

Do not draw any more of a member than necessary, and do not dimension the same piece 
several times. 

Revising Drawings.—When drawings have been changed after having been first approved, 
they must be marked, Revised (give date of revision). 
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Measuring Angles.—All measurements on angles are to be made from the back of the angle, 
and not from the edge of the flange. The center to center distance between open holes should 
always be given for each piece that is shipped separate, in order that the inspector can check the 
piece. 

Width of Angles.—The widths of the legs of angles are greater than the nominal widths, 
unless the angle has been rolled with a finishing roll. The over-run for each, leg is equal to the 
nominal width of the leg plus the increase in thickness of leg made by spreading the rolls. For 
example finishing rolls are used for rolling 3’ X 3’ angles with a thickness of 3. The actual 
length of the leg of a3” X 3’ angle is as OES angle 3” & 3” X 2”, leg 3”; angle 3” X 3” X is"; 
leg 326”; angle 3 X 3” X 2”, leg 3%”; angle 3” X 3” X 2”, te BE; angle 3° XG) Xx 645 
leg 32”. 

The over-run of Pencoyd angles are given in Table 27, Part II; and the over-run of Pennsyl- 
vania Steel Company’s angles are given in Table 28, Part II. 

POINTS TO BE OBSERVED IN ORDER TO FACILITATE ERECTION.—The first 
consideration for ease and safety in erection should be to so arrange all details, joints and con- 
nections that the structure may be connected and made self-sustaining and safe in the shortest 
time possible. Entering connections of any character should be avoided when possible, notably 
on top chords, floorbeam and stringer connections, splices in girders, etc. When practicable, 
joints should be so arranged as to avoid having to put members together by entering them on end, 
as it is often impossible to get the necessary clearance in which to do this. In all through spans 
floor connections should be so arranged that the floor system can be put in place after the trusses 
or girders have been erected in their final position, and vice versa, so that the trusses or girders 
can be erected after the floor system has been set in place. All lateral bracing, hitch-plates, rivets 
in laterals, etc., should, as far as possible, be kept clear of the bottoms of the ties, it being expensive 
to cut out ties to clear such obstructions. Lateral plates should be shipped loose, or bolted on 
so that they do not project outside of the member, whenever there is danger of their being broken 
off in unloading and handling. Loose fillers should be avoided, but they should be tacked on with 
rivets, countersunk when necessary. 

In elevated railroad work, viaducts and similar structures, where longitudinal girders frame 
into cross girders, shelf angles should be provided on the latter. In these structures the expansion 


412 STRUCTURAL DRAFTING. Cuap. XII. 


/ Clearance “b” should be at least 4 and £Epossible- 
Clearance “*c”’should be at least 2" 
Clearance “d should be plus s&" for each additional 
web plate when more than two are in chord 
Clearance “e” 
must be large 
enough bo per- 
mit access Co inside for ' 
riveting: [ 
| 
| 
i 


‘ AE “X cut Flanges 
square as shown by Full line and not bevel- 
ed 2s shown by dotted line « 


Jt =4 is 
Clearance “F'” should bez when a 
possible but specifications may call arg pein 


alae 
Ff 


Clearance “a” should never be less 
nt 
than $ 


Clearance “9” should be about ¢ + 
never less Clearance “k* should never be less than /"s 


Fic. 21. CLEARANCE STANDARDS. AMERICAN BRIDGE COMPANY. 


CLEARANCE STANDARDS. 413 


——————— 
7 ABO 0 +O-O2O 
EO=0*67670°O 


POW OT OOD 


ee 


Clearance “a” should never be less than 3 
Clearance “b” should never be less than # From center line bo each piece, and 
where possible should be $» 
; Clearance “‘h® should never be less than $'and as a rule should be |» 
Always give Figure for distance “m” on detail for use of checker 
When standard framing angles are used, make “m= 63" 
Clearances given should be allowed in addition to overrun oF angles» 


Fic, 22, CLEARANCE STANDARDS, AMERICAN BRIDGE CoMPANY. 


414 STRUCTURAL DRAFTING. Cuap. XII. 


C=50T 

27 yn 3'-10%" 
nal 6%e 
1: 
-2- G54, 
(2 4% 
1-1lh%e 


1- 6% 


Fic. 23. STANDARDS FOR LAcING Bars. AMERICAN BRIDGE COMPANY. 


RULES FOR ORDERING MATERIALS. 415. 


‘joints should be so arranged that the rivets connecting the fixed span to the cross girder can be 
driven after the expansion span is in place. In viaducts, etc., two spans, abutting on a bent, 
should be so arranged that either span can be set in place entirely independent of the other. The 
same thing applies to girder spans of different depth resting on the same bent. Holes for anchor- 
bolts should be so arranged that the holes in the masonry can be drilled and the bolts put in place 
after the structure has been erected complete. 

In structures consisting of more than one span a separate bed-plate should be provided for 
each shoe. This is particularly important where an old structure is to be replaced; if two shoes 
were put on one bed plate or two spans connected on the same pin, it would necessitate removing 
two old spans in order to erect one new one. In pin-connected spans the section of top chords 
nearest the center should be made with at least two pin-holes. In skew spans the chord splices 
should be so located that two opposite panels can be erected without moving the traveler. Tie 
plates should be kept far enough away from the joints and enough rivets should be countersunk 
inside the chord to allow eye-bars and other members being easily set in place. Posts with 
channels or angles turned out and notched at the ends should be avoided whenever possible. 

ORDERING MATERIAL.—Bridge Work.—Ordinarily plates less than 48 in. wide are 
ordered U. M. (universal mill or edge plates), but when there is no need for milled edges and 
prompt delivery is essential specify either U. M. or sheared. Never order widths in eighths. 
Flats and universal (edge) plates over 4 in. in width should be ordered in even inches, flats under 
4 in. should be ordered by 3} in. variation in width. Flats } in. and under in thickness are very 
difficult to secure from the mills and should be avoided if possible. 

Rolling mills are allowed a variation of } in. in width of plates, over or under, and a variation 
of 2 in. in length, over or under, from the ordered width or length. Rolling mills are allowed a 
variation of $ in. over or under the ordered length of beams, channels, angles, zees, etc: An 
extra price is charged for cutting to exact length. See Chapter XIII. 

Allow #¢ in. in thickness for planing plates 2 ft. 6 in. square or less, } in. for plates more than 
2 ft. 6 in. square, and § in. for columns; chords and girders which have milled ends are ordered 
4 in. longer than the finished dimensions. 

Web plates should be ordered 3 in. less than the back to back of flange angles unless a less 
clearance is specified. Web plates should preferably be ordered in even inches and the distance 
back to back of angles made in fractions. 

When angles, beams or channels are bent in a circle allow 9 in. to 12 in. for bending. 

Bent plates should be ordered to the length of the outside of the bend. 
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Large gusset plates, large plates with angle cuts, etc., should be ordered as sketch plates, 
when the amount of waste if ordered rectangular will exceed 20 per cent. Mills will not make re- 
entrant cuts in plates or shapes. 

In ordering lacing bars add 3%; in. to the finished length and order in multiple lengths. 

ORDERING MATERIAL.—Building Work.—Order beams in foundation neat length. 

Order beams framing into beams } in. short for each end, see Fig. 24. 


416 STRUCTURAL DRAFTING. Cuap. XII. 


Order main column material 3 in. long for milling both ends (this takes care of permissible 
variation in length of plus or minus # in. as well as the milling). 

Order girder flange angles and plates 1 in. long. 

Order girder web plates 3 in. short, where end connections are used. 

Order girder web plates neat length, where end connections are not used. 

Order girder web plates 4 in. less in width than back of flange angles. 

Order stiffener angles } in. long. 

Order fillers under stiffeners neat length. 

Add 3; in. to each lacing bar and order in multiple lengths. 

SHAPES AND PLATES MOST EASILY OBTAINED.—The ease with which different 
commercial sizes of shapes and plates may be obtained from the rolling mill varies with the mill 
and with the demand. Where any section is in demand rollings are frequent and the orders are 
promptly filled, while the order for a section not in demand may have to wait a long time until 
sufficient orders have accumulated to warrant a special rolling. 

The following list of plates and sections is fairly accurate, the list varying from time to time. 

Plates.—Plates most easily obtained. 


Width, Thickness, Width, Thickness, 
In. In. In. Ins 
1% zs and } 5 i+ and up 
13 zs and 3 6 4 and up 
2 35 and } 7 4 and up 
2} 4 and up 8 4 and up 
25 4 and up 9 + and up 

tandu ro i+ and up : 

3 Pp Pp 
a5 + and up 12 34 and up 
4 4 and up 14 4 and up 


Over 14 in. in width it is immaterial what width of plate is specified. 
Squares and Rounds.—Squares and rounds most easily obtained. 
Rounds, gr a" wu i ie ieee 12, 

Squares, 2”, #7, 1”, 12”, 13”. 

All other sizes are liable to cause delay. 

Beams.—Sizes of I-Beams which can be obtained most readily. 


Depth. Weight. 
6” 12} lb. 
8" 18 lb. 203 lb. 
10” 25 |b. 30 Ib. 
72!’ 313 Ib. 35 lb. 40 lb. 
15” 42 lb. 50 lb. 60 lb. 
18” 55 lb.60 lb. 70 lb. 
20 65 lb. 80 Ib. 
ead 80 Ib. 90 Ib. 100 lb. 
Sizes of I-Beams which may be used but for which prompt deliveries may not be expected. 
Depth. Weight. . 
Se gi Ib. 
+ fi 15 lb. 
Or 21 tb. 25 lb. 


Beams of weights different from the above can always be obtained from the mills but not so 
readily as those given. Beams of minimum section can always be obtained more readily than 
heavier sections. 
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Channels.—Channels which can be most readily obtained from the mills. 


Depth. Weight. 
6” 8 Ib. 

8” 114 Ib. 182 Ib. 
10” 15 lb. 20 lb. 25 lb. 
ell 203 |b. 25 Ib. 30 Ib. 
157 33 |b. 40 Ib. 50 lb. 

Sizes which may be used but for which prompt deliveries cannot be expected. 

Depth. Weight. 

5” 6 Ib. 

Gi 93 Ib. 

9” 132 lb. 


Channels of weights different than those given above can always be obtained at the mills 
but not so readily as those given. Channels of minimum section can always be obtained more 
readily than heavier sections. 

Angles.—Angles most easily obtained from the mill. 

Even legs. —2h"’ oe 2h". eae s< ae 357 Pa Seale 4” x Aes 6” % 6% 

Uneven legs. —2}"" x 2. Rie x 2k". 3h" ye ae pies Be Ber 5” >a 34: (sh x rl 

Angles which may be used but for which prompt deliveries cannot be expected. 

Even legs.—2”” Ss ait, 24y" Bd 2i"; 5” x Bhs grt D4 Ue 

Uneven legs. 3! x 2". ae! x aM: Me x 3h"; 6” xX 3h”. 

Angles 4” X 333-5" X 4"; 7" X 3” and 8” X 6” are very difficult to obtain. 

To obtain prompt deliveries as few sizes and shapes as practicable should be used for any 
contract. For example if 6’ X 4” angles are used 6” X 33’ should be avoided, and vice versa. 

Tees.—lf possible the use of Tees should be confined to 3” 3” X 3” and 2” X 2” X 3&”, 
and even these sizes are uncertain of delivery. 

Zees.—The delivery of zees is uncertain and will depend upon special rollings, which do not 
occur frequently. The following sizes are the most used, and are therefore most easily obtained. 


Web. Thickness. 
Ww Qe. 5/1 3M 
3 ; %)i6 and} 
a” 1 tg ar 
4 2", #6’ and $ 
5” ts", 2 3 and 3 ay 
6” 3” 4” 2", 3 arr z and yr? 


Stock Material—The Pennsylvania Steel Compare carries the following material in stock 
in 30 ft. lengths for use in its structural plant. 


Angles, Even Legs. Angles, Uneven Legs. 
” Ww ZEIT 1’? uw wt gr is” avr 
6x6" Ge ands Cae AL Ss and 4 
j ais x Atl x 3 3” and 3 TI tal x 34” gir “! and 2” 
’ 
3h” x 33! x2 Bf a aa 4” >a 33” X i” and an 
," x air 3 3 and iG’ . Ry x Sia Ps” and 3 3 
sn < 22" X x 3” and 3 ep 
Plates. Flats. 
20” x g” and 3” ut nC gr 
18” x an and BY a x a” and vr 


Tree x a” and 4 
14” X 2 and 3” 
tae x a” and a 
t2!’ x aes zs” and 4 
to” X 7 and Aah 
9” x 3” 


7 
6 
16” X a and a 3 
3 
2 
2 
2 
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Lengths and Widths of Plates—The maximum sizes and lengths of shapes and plates as 
rolled by the Carnegie Steel Company and the Illinois Steel Company are given in Table I to 
g 
Table VII, inclusive. 
TABLE I. j 
Maximum LENGTHS OF SHAPES; CARNEGIE STEEL Co. 
I Beams:— gies (Eneven Legs) :— 
Balk to mateo es Race 75 ft. SC Gt Ss, inetater ei oe geno ae eee 80 ft. 
MO! 00) 5 Yh. eaeare canoer aa os ane 7O . Sa OT COE en te revetah Ee 80 ‘ 
PAGE (ok ee erent, Sea M BSN OF Go c 50 “ Ge SoBe XM TE! toe he woe ee 85 “ 
Channels:— BOXER OE ook raver ee 85 “ 
15) PEO 12 iaieie ase s ster sfe eretadeeets 75 ft Oo! Xia a and ‘under 222s go “ 
ostandard. Swyeres. chee 70 “ CUEX BE Xia to 0" eee 80 “ 
sot SPECIAL t. aieiesa ates venient ele 80 “ 6 Kgl KEY Gaol cats. eee SS 
One Seco peace MEO. OMods On 7 Ole 6x 32!" Xe andundetyeae seem go “ 
PUPPY GLUE Pies aes ST OCU. 50 “ 5 hak A cence Ue Sod onee ee ae eee go “ 
Tees:— Eee Gack pre, Se eer eee OR EA OTE On. rye 
BUCEOME Mranmeaeete cca aes Genie eeee 50 ft. Be oe OE havea ance ge eee 80 ‘ 
Zees:— 5! 33° X 2 and under. >.< aen go “ 
Gi Panid 75 Verret ne 2cuscieeiketeteyeners 70 ft. Ka! Lee OUR Se oes ae eee yoy 
ie Ge Lane EE oc Tyas Sahoo 65 “ AROS BOK TR eke: coer ee ee 50 “ 
4” xX Hand under. 2.5. leccwetes as 70s Aa OC a4 Mgstiarc eee She 
Ve Hoot oeotarrnd cota ob Oo PES ae eae ae Mann ose ae GS 60 “ 
Deck Beams:— BS Be SRY TS los ernornotro Neots 6505 
LO. 2 co Guayecel Sones es sualhersee eae 45 ft. Bee SOS Be he. Boe Se Onn 
CVE tot Man Orne e ating emo oo 6 65 “ Ag! 3/0 X 3 land under fee 80 “ 
(Ur: ANS REO Ge Maa 8 60 “ Ae SOB a Ma aiale Pardes ee be Ce go ‘ 
Bulb Angles:— BGS 3) SG AW 2a, eee Paes 85. 
EO EONS a aioe erate ater sets svenetote tens 65 ft. ZESC3 xX 2 and undersme ses oe go, “ 
OF bes Sa SR AS ate sor eee aloes 60 “* BOSC aT Ki ae ee elo ae 6o 
Lee ren Lente SOS ries > ociiaen ae: 65 “ CT Aa Shee ME Ce ao ae on os 65e5 
Hoses ve Legs) :— BINS BS AL 1 releccieiels Hatt rene 70m 
SIBLE Jer. cea cacttedesuarehate id deters eeorete 120 ft. BR Ber SR oy Gaahs aeons ol eee Yiwu 
er 16. SUT MOTE? AS Dees 80 “ Bn <3" 2) and undersea ee 80 “ 
6" X 6” XK Hh” and under. ...... go ‘ 8 RE LY Me ee adele Oe cioe 
OS SLO CS Cee eee EEO os 85 “ BRU Ba SE Ble, a) es ata 60 “ 
au" ” “ iv iv 9/7 “ 
Sci. es eee Sy alr x ie an 
aL SC aT A teks Ai gre cae oe eee Gh BRK BE TRU ancyeiete a ee 80 “ 
DOK Bo a fein Jie ae I 50 “ oe” Kod" C4’ and under’ ayy .ne go “ 
Oia Ge CRB Tr, 6 ols Or OLCaN 50 ‘ EY ele Gr ieee Pasi A toate Grating cb ayo 
DAU G24 es cia aetise esis culecresaye 50 “ 3) OX 28) ton Sop Gat ene eee 50 
TOROS Te sere TE ne etES asians s eet ohare eye 50 “ 
Dae’ SUA, LOuen Ones Giealvaeaoets 50 “ 
TABLE II. 
Maximum LencTus oF MATERIAL; ILLINOIS STEEL Co. (SouTH Works). 
Angles:— 
AI, ain gles cine re «alse > « Soasehe tole eye erove  wi(o/s he aN day MeL ReneS ere Ne tedereteye eter es 100 ft. 
I Beams:— 
JAN T Beamsitlp, 025221 sass « staisyesoici «ore sors orheseee eteeeetees eiciaea’ skiers = eter 75 ft. 
15) Beams 42 1b.t6, 55) [ps2 3 al. alee ore rsvatare o oreier tatters als petals eit io ane aloes) <seraee 75s 
151. Beams.60 Ib. toc75ilbs2c es soc le «crete cele ctoultpen tein de tere ciel eek eTedinie oslo eieie 625 
m5: 1 Bedms' 80 Ub. pa sii. Siapecteleatevslacctels unos reenter Pers icas's\esereusierateth venaueeneioy otetees 60 ‘ 
T5v1, Beams: Qolbavys ar rauson case sveciic wiels er eee eee Sea SE On wo soor,c ore. 50 “ 
1571 Béamasitoo 1b. 2)... steclecete euers:-soustntietoreh ator eter eats Rstafeyesel ence teatetontte Asie 
Channels:— 
= SAIN Channelse.. 2.054 2. s  o-tecctsinns sraisloia tarsi ee ORDA ERO er aorta ofeecas caren tae eet 75 ft 


In case it is absolutely essential to have any of the above material in lengths longer than 
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shown, it will be necessary to take the matter up with the mill to ascertain whether same can be 
obtained. 

For extreme lengths of material rolled at the Bay View (Milwaukee Works) follow list of 
maximum lengths rolled by Carnegie, as the facilities for rolling all smaller sections are about 
the same at both mills. z 

TABLE III. 


Maximum SIzEs OF RECTANGULAR AND CIRCULAR PLATES; CARNEGIE STEEL Co. 
SHEARED PLATES, ONE-FourTH INCH AND OVER. 


Thickness, Widths and Lengths in Inches. Diam,, 


Inches. Inches. 
132 


190 
220 
220 
220 


220 
220 


Ls ol mescr cols pitas als ar ha 


I 
I 
2 
2 


Thickness. 


Let fate 


sorte 


ot ot 
Wlimtcojmt ahs 


taco bolt 


NN ee 


Ie 


Plates 48’’ wide and under can also be rolled on Universal Mills. 

For greater length and Universal Mill Sizes, see Universal Mill Plate Table V. P 

Plates of greater dimensions than shown in above tables may be submitted for special 
consideration. 
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TABLE IV. 


Maximum Sizes oF RECTANGULAR AND CIRCULAR PLATES; CARNEGIE STEEL Co. 
SHEARED PLATES, THREE-SIXTEENTHS INCH AND UNDER. 


Widths and Lengths in Inches 
66 64 


Thickness, Inches, 
B. W. G. 


Diam., Inches. 


Aas 
16 
No. 8 
No. 9 
No. 10 
- 


8 
No. I1 
No. 12 


Thickness. 


TABLE V. 


Maximum Sizes or RECTANGULAR UNIVERSAL PLATES; CARNEGIE STEEL Co. 
UNIVERSAL Mitt PLATES, ONE-FourTH INCH AND OVER. 


Widths and Lengths in Inches. 


45-41 | 40-36 | 35-31 | 30-26 | 25-20 | 19-17 | 16-15 


780 780 
840 840 
1080 


bt see 


SES DIMES 


Colazim [cooler 


Te | 


Plates of greater dimensions than shown in above tables may be submitted for special 
consideration. 
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TABLE VI. 
Maximum Sizes oF UNIVERSAL PLATES; ILLINOIS STEEL Co. 


Width of Plate in Inches, 


10 to 30 


960 


sta ost e 


fs ofc el 
of ‘ale 


\m Hac) 
leo 


I 
| 


i 00]ay 
olen 


3 
135 
i 


oon 
ie apna! 


a th 


ae ee ee 
3) 


elon 


aie 


HHH 
Pellet! 
olen 


All plates both sheared and Universal Mill rolled by Illinois Steel Co., can exceed above lengths 
by 1 ft. If longer lengths are necessary take up with the mill. 


DESIGN DRAWINGS FOR STEEL STRUCTURES. 


Drawings.—Designs shall be made on standard sized sheets. A scale of § in. to 1 ft. shall 
be a minimum, a larger scale being used if practicable. Give such distances on both plan and 
cross-section that the dimensions of either can be understood without reference to the other. 


Desicns oF Mitt BUILDINGS. 


Loads.—All roof loads, snow loads, wind loads, floor loads, wheel loads and spacing for 
cranes, and in case of bins, the weight per cubic foot and the angle of repose of the material shall 
appear on the design drawings. 

Diagrams.—Draw as many sections as are necessary to show all transverse bents and trusses, 
a plan of lower chord bracing, and views to indicate framing and side views when necessary to 
give location of doors and windows. When a sectional view is shown, always mark the location 
of the sections on the plan. When two buildings frame into each other the design should always 
indicate the framing for the connections, drawing additional sections if required. 
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Stresses.—The stresses in all members of transverse bents, trusses and latticed and plate 
girders, and the loads on all main building columns shall be given on the design drawings. Give 
maximum bending moment and maximum shear in all crane girders, plate girders, and floor girders 
and columns. Maximum shear and bending moment shall be given for all stringers or I-Beams 
used as floor or crane girders. 

Notes.—Material (whether O. H. (open-hearth) or Bessemer, soft, medium or structural 
steel); specifications (name and date; size of rivets and holes, reamed or punched full size). 

Angle Members.—In all cases where two unequal legged angles are used as main members, 
show the direction in which the outstanding legs are turned by giving the dimension of the leg 
appearing in elevation, or by exaggerating the longer leg. 


TABLE VII. 
Maximum Sizes oF SHEARED PLATES; ILLINOIS STEEL Co. 


Width of Plate in Inches. 


80 72 


240 
320 
420 
600 


Bole rales 


i 
2 
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16 
5 
8 
al 
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Sections.—Give sections of all members used in the structure. Whenever two or more 
columns or other members in different locations have the same section, either note it, or mark the 
section on each one. For a column of special make-up show a cross section. 

Dimensions.—The following dimensions should be given: (1) Height of lower chord of 
trusses from floor level; (2) elevation of top of crane rail with clearance; (3) distance c. to c. of 
crane rail with clearance; (4) distance b. to b. of angles of all main columns; (5) pitch of trusses 
or height of same at heel and slope of upper chord; (6) width and height of ventilator; (7) length 
of bays; (8) distance c. to c. of building columns; (9) location and size of stacks; (10) location and 
size of openings and circular ventilators; (11) thickness of all walls, and relation to center line 
of columns. 

Windows.—Give size and number of lights and height of windows. Show location of all 
windows. State whether pivoted, sliding, counter-balanced or fixed, and whether continuous. 
State kind of glass. 

Doors.—Give dimensions (width by height) and state whether wood or steel, swinging, 
lifting, rolling or sliding. State style of track, hangers and latch. 
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Louvres.—Note depth on design, and whether wood or metal, fixed or pivoted. If metal 
give gage and kind of same. 

Corrugated Steel.—Give gage and kind of all corrugated sheeting, painted or galvanized; 
method of fastening, lining, etc. ; 

Gutters and Conductors.—Show gutters, conductors and downspouts where necessary and 
give size and kind and thickness of metal, methods of fastening, etc. 

Circular Ventilators.—Show location on design and note size and kind. 

Roofing.—Give kind of roofing material, and thickness of sheathing when used. 

Notes.—Note on design the section of: (a) Purlins and form where trussed; (b) girts; (c) sag 
rods; (d) lateral bracing; (e) end columns; (f) window posts; (g) door posts. 

Connections.—In making a design be sure that all clearances and connections with adjoining 
structures are properly provided for and that all dimensions necessary for detailing of same are 
given on the design. 

F DESIGNS OF PLATE GIRDER BRIDGES. 


Loads.—Give assumed dead, live and wind loads, and show diagram of wheel loads. 

Diagram and Views.—Show an elevation of girder with stiffeners, a plan with lateral bracing, 
and a half end view and a half intermediate section. 

Stresses.—Give maximum bending moments and maximum shears, maximum stresses, 
required and actual net area of flanges, noting number of rivets deducted, and required net and 
actual gross areas of webs. i 

Dimensions.—The following dimensions should appear on all plate girder designs. Distance 
b. to b. of end angles, or distance out to out of girders, c. to c. of bearings, back wall to back wall, 
or c. toc. of piers, b. to b. of flange angles, spacing of girders and track stringers, base of rail to 
masonry, end of steel to face of back wall, angle of skew if any, and grade of base of rail. 

For girder bridges on curves give the curvature and super-elevation of outer rail and distance 
from top of masonry to base of low rail. Give elevation of grade and of masonry on a vertical 7 
line through center of end bearing. 

Rivet Spacing.—Note on the elevation of girders the spacing of rivets connecting flange 
angles to web, changing spacing at stiffener points. Give number of rivets in single shear for end 
connections of all laterals and cross frames. 

Shoes and Pedestals.—Give maximum reaction, required and actual area of masonry plate, 
with allowable pressure on masonry. Note size of bed plate, and show in position with location 
of holes for anchor bolts. Note size and number of rollers for expansion pedestal, and also whether 
pedestal is built, cast iron or steel. 

Expansion Points.—Mark fixed and expansion points and show whether pedestals or bearing 
plates are to be used. 

Stiffeners.—Show end and intermediate stiffeners on elevation of girder, giving sections and 
stating whether fillers are used, or stiffeners crimped. 

Super-elevation.—If the bridge be on a curve, show how the super-elevation of the outer 
rail is to be cared for, whether by tapering ties, or changing height of pedestal or masonry plate. 

Track.—Show track in place, noting such information as size and notching of ties and guard 
timbers and manner of connecting timber deck to the girder. For through girder always show 
clearance diagram with dimensions. 

Notes.—(a) Material (whether O. H. (open-hearth) or Bessemer, soft, medium or structural 
steel); (b) specifications (name and date); (c) size of rivets and holes, reamed or punched full size. 


DEsIGNS OF TRUSS BRIDGES. 
Loads.—Always give the following assumed loads on the stress sheets. 
Dead Loads.—(a) Weight of track in lb. per lin. ft. of track; (b) weight of trusses and bracing 
per lin. ft. of bridge; (c) weight of stringer and stringer bracing per lin. ft. of bridge; (d) weight 
of floorbeams per lin. ft. of bridge. 
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Live Load.—(Diagram of wheel loads.) 

Wind Load. 

Diagrams.—In general, the design shall show an elevation of the truss, plan of top lateral 
bracing, plan of bottom lateral bracing and stringer bracing, half end view showing portal, half 
intermediate view, or as many intermediate views as are necessary to show intermediate sway 
frames. The end view shall show track in place with information similar to that for plate girders. 
The design of a pin-connected bridge shall show the sizes of pins and the arrangement of the 
members at all panel points. 

Stresses.—Give the stresses in all members of trusses as follows: D. L. (Dead Load); L. L. 
(Live Load); I. (Impact); C. (Curvature); W. (Wind Stresses). Also total stresses. 

Always use the minus sign for tensile stress and the plus sign for compressive stress. Compute 
and give traction stresses for viaduct towers. 

For stringers and floorbeams give the bending moment and shear and stresses in the same 
manner as for plate girders. ; 

General Dimensions.—The most important dimensions are, number of panels and length, 
depth of truss at every panel point if upper chord is curved, distance c. to c. of trusses, distance 
base of rail to masonry, distance center of end pin to masonry, distance c. to c. of end pins and 
face to face of masonry, or c. toc. of piers. If the bridge be on a curve, give the degree and show 
direction of curvature, the distance of base of low rail to masonry, and the super-elevation of 
outer rail. Note that greater clearances are required on curves. Show the clearance line and line 
of base of rail in the elevation of truss. 

Compression Members.—Give the actual unit stress, the allowable unit stress, radius of 
gyration, moment of inertia, actual and required area, eccentricity and cross-section. 

Tension Members.—Give allowable and actual stresses, the required and actual net area. 
For built sections give number of holes deducted for rivets in obtaining net area, and radius of 
gyration. 

Sections.—Give section of every member and thickness of all gusset plates. Always give 
size of lacing bars, and state whether single or double lacing is required. 

Built Sections.—On all built sections give depth of section, and in using plate and angle 
sections, make the web 3 in. less in width than the depth of section. 

Angles with Unequal Legs.—In any member composed of one or more angles’ with unequal 
legs, show clearly the direction in which the long or short leg is turned. 

Rivets.—Note the number of rivets to be used for end connections of all members, and give 
the number of rivets in single shear required at end connection of track stringers. 

Shoes or Pedestals.—Give maximum reaction, required and actual area of masonry plate, 
with allowable pressure on masonry. Note size of bed plate, and show in position with location 
of holes for anchor bolts. _ Note size and number of rollers for expansion pedestal, and also whether 
pedestal is built, cast iron or steel. 

Camber.—The amount of camber should be shown on the design. 

Notes.—Same as for Plate Girders. 


» GHAR TE Re xXILn, 
ESTIMATES OF STRUCTURAL STEEL. 


GENERAL INSTRUCTIONS.—When an estimate of the structural steel in a structure 

is to be made the man in charge shall immediately examine all of the data furnished to see that 

- he has sufficient information to make a satisfactory estimate. He shall fill out the data sheet 

completely, and then take off the quantities. Use only the standard estimate blanks for taking 
off material. The author has found the estimate blank below very satisfactory. 


CROCKER @ KETCHUM 


Consulting Engineers 
DENVER, COLO. 


Mee Gene 160- -FE.Span Highway ae Pea alien, 9 
¥or_Logan Irrigation Co. we_Feb.td ioe 
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é'b@ Ie 
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Number each page consecutively, and when all the quantities are totaled prepare a summary 
on the last page. Each sheet shall have the sheet number and also the total number of sheets 
in the estimate, for example 9 of 20. This will prevent the loss of a page. After the estimate is 
completely taken off another man shall check it. When checked the estimate shall be extended 
by the checker, each sheet being immediately totaled up as extended. The extensions shall then 
be checked by the original estimator, who also prepares a summary. The summary is then 
checked by the checker and the estimate is complete. 

The estimate should be practically a condensed bill of material of the work, and should be 
so clearly made that a reference to the estimate will show at a glance the weight of all the principal 
pieces. Main and secondary trusses, main columns, girders, crane girders, etc., for buildings; 
and trusses, girders, floorbeams, etc., for bridges should be taken off separately, thus—I truss, 
6 required—and shall not be mixed together even though the correct weight is obtained. In 
making an estimate the following order will be found convenient. 

1. MILL BUILDINGS.—Trusses.—Top chords, lower chords, web members, purlin hee 
gusset plates, connection plates, splice plates, eave strut connections, knee braces and knee 
brace connections. 

Ventilator Trusses.—Rafters, posts, web members, gusset plates, connections to trusses and 


purlin lugs. 
425 
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Columns.—Column angles, web plate, base plate and angles, crane seat and cap. Base in- 
cludes anchor bolts. 

Crane Girders.—Flange angles, web plate, cover plates, end stiffeners, intermediate stiffeners, 
fillers, knee braces and knee brace connections. Rails, splice bars, clips and crane stops. 

Miscellaneous.—Eave struts, lattice girders, purlins, girts, ridge struts, lower chord struts, 
column struts, rafter bracing, lower chord diagonals, reinforcing angles for purlins used as rafter 
struts, and sag rods. 

Miscellaneous Materials Not Structural Steel.—Corrugated steel roofing and siding, louvres, 
flashing and ridge roll, gutters, conductors, downspouts, ventilators, stack collars. Windows, 
doors, skylights, operating device, lumber, roofing, brick and concrete. 

2. OFFICE BUILDINGS.—Floorbeams, girders, including all their connections not riveted 
to other members. Floors should be estimated separately using a multiplier if two or more are 
exactly alike. 

Columns.—Columns including splices and connections riveted to the columns. If columns 
are of Bethlehem “‘H” sections, it should be so noted on the estimate summary. Estimate columns 
in tiers. 

Miscellaneous, such as suspended ceilings, galleries, penthouses, lintels, curb-angles, canopies, 
etc. 

3. TRUSS BRIDGES.—Truss members should be taken off separately in order that the 
estimate will show at a glance the weight of any main member. Never write off material for 
the trusses thus, ‘‘4—Truss—4 Req’d.” 
© Stringers; floorbeams; portals; sway trusses; upper laterals; lower laterals; shoes, masonry 
plates, anchor bolts, etc. 

A convenient order can easily be arranged for other structures. : 

INSTRUCTIONS FOR TAKING OFF MATERIAL.—Quantity estimates shall give the 
shipping weights, not shipping weights plus scrap. Pin plates, gusset plates, etc., shall be taken 
off as equivalent rectangular plates. Large irregular plates or small irregular plates which occur 
in larger numbers shall have the exact sizes shown in the estimate and should have their weights 
accurately calculated. All quantity estimates shall be made out with black drawing ink. 

The following colored pencils shall be used in estimating: 

Black.—In taking off quantities, all check marks on drawings or blue prints shall be made 
with a black pencil. 

Red.—In checking “quantities taken off” all check marks on drawings, blue prints and 
data sheets shall be made with a red pencil. 

Blue.—Blue pencils shall be used for checking extensions, also for making notes, corrections, 
alterations or additions on white prints or tracings. 

Yellow.—All alterations, corrections or additions, on blue prints at the time of estimating 
shall be made with a yellow pencil. 

All notes on blue prints or drawings in regard to alterations, corrections or additions shall be 
dated and signed by the person in charge of the estimate. In general all work shall be taken off 
in feet and inches. Lengths of bolts shall be given in feet and inches. 

CLASSIFICATION OF MATERIAL.—In making the summary steel and iron should be 
classified as follows: 

Bars, including plates 6 in. wide and under, rounds up to 3 in. in diameter and squares up 
to 3 in. on a side. 

Plates (a) Flats over 6 in. wide up to and including 100 in., and } in. thick and over. 

(b) Flats over 100 in. wide up to and including 110 in. 
(c) Flats over 110 in. wide up to and including 115 in. 
(d) Flats over 115 in. wide up to and including 420 in. 
(e) Flats over 120 in. 

(f) Plates 3% in. thick. 

(g) Plates ¢ in. thick. 
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(h) Plates checkered. ° 
(i) Plates buckle. 
Angles (a) Having both legs 6 in. wide or under. 
(b) Having either leg more than 6 in. in width. 
(c) Having both legs less than 3 in. in width. 
Channels and I- Beams 
(a) Channels and beams up to and including 15 in. in depth. 
(b) Over 15 in. in depth. 
If Bethlehem sections are used distinguish between ‘‘Bethlehem Special I-Beams” and 
‘“Girder Beams,” and also regarding depths as above. 

Zees. 

Tees. 

Rails (Separate rails under 50 Ib. per yd., rails over 100 Ib. per yd., and girder rails). 

Rail Splices. 

Iron Castings. 

Steel Castings. 

Nuts. 

Clevises and Turnbuckles. 

Pins, rounds from 3 in. diameter to 62 in. in diameter. 

Forgings, rounds over 6? in. in diameter. 

Bronze, Lead, etc. 

Rivets and Bolts. 

Rivet Heads.—Where the estimate is made from shop drawings the actual number of rivet 
heads shall be determined. The weight of rivet heads in per cent of the total weight of the other 
material is about as follows: Purlins, girts and beams, 2 per cent; trusses and bracing, 4 per cent; 
plate girders and columns of 4 angles and 1 pl., 5 per cent; plate girders and columns with cover 
plates, 6 per cent; box girders or channel columns with lacing, 7 per cent; trough floors, 8 to 10 
per cent. 

The rivet heads in highway bridges may be taken at 5 and 4 per cent of the total weight 
of steel exclusive of fence and joists for riveted and pin-connected trusses, respectively. 

Bolts are usually taken off in the estimate when they occur, and entered as rivets. When. 
bolts are under 6 in. in length, include bolts under the item ‘Bolts and Rivets.’’ When over 
6 in. in length, put the bolts under “‘Bars.’’ 

Miscellaneous Materials.— Corrugated Steel—Always give the number of gage, whether 
painted or galvanized, and whether iron or steel. This remark also applies to louvres, flashing, 
ridge roll, guttersand conductors. State whether corrugated steel is for roofing or siding. Roofing 
shall be estimated in squares of 100 sq. ft., adding three feet on each end of building to the distance 
c. toc. of end trusses to allow for cornice. Allow one foot overhang at eaves. Siding shall be esti- 
mated in squares of 100 sq. ft., adding one foot at each end of building to allow for corner laps. 

Louvres shall be estimated in sq. ft. of superficial area, stating whether fixed or pivoted. 

Flashing shall be estimated in lineal feet and shall be taken off over all windows where corru- 
gated sheathing is used on the sides of building, and under all louvres and windows in ventilators. 

Ridge roll shall be estimated in lineal feet, adding one foot to the distance center to center 
of end trusses. Ridge roll is usually taken off the same gage as the corrugated steel roofing. 

Gutters and conductors shall be estimated in lineal feet, the conductors usually being spaced 
from 40 to 50 ft., depending upon the area drained. 

Circular ventilators shall be estimated by number, giving diameter and kind, if specified. 

Stack collars shall be estimated by number, giving diameter of stack. 

Windows shall be estimated in sq. ft. of superficial area, taking for the width the distance 
between girts. State whether windows are fixed, sliding, pivoted, counter-balanced or counter- 
weighted. State kind and thickness of glass and give list of hardware, and any thing else of a 
special nature. 
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Doors shall be estimated in sq. ft.; state whether sliding, lifting, rolling or swinging. Steel 
doors covered with corrugated steel shall be estimated by including the steel frame under steel — 
and the covering with corrugated steel siding. State style of track, hangers and latch. 

Skylights shall be estimated in sq. ft., giving kind of glass and frames. 

Operating devices for pivoted windows or louvres shall be estimated in lineal feet. 

Lumber shall be estimated in feet, board measure, noting kind. Note that lumber under 
1 in. in thickness is classified as I in. Above I in. it varies by 4 in. in thickness, and if surfaced 
will be #in. less in thickness, i. e., 1} in. sheathing is actually 12 in. thick, but shall be estimated 
as 12in. Lumber comes in lengths of even feet; if a piece 10 ft.-8 in. or 11 ft.—O in. is required, a 
stick 12 ft.-0 in. long shall be estimated. In using lumber there is usually considerable waste de- 
pending upon the purpose for which it is intended. In estimating tongue and grooved sheathing 
10 to 20 per cent shall be added for tongues and grooves and from 5 to 10 per cent for waste, 
depending upon the width of boards and how the sheathing is laid. 

Composition roofing or slate shall be estimated in squares of 100 sq. ft., allowing the proper 
amount for overhang at eaves and gables and for flashing up under a ventilator or on the inside 
of a parapet wall. : 

Tile roofing or slate shall be estimated in squares of 100 sq. ft., adding 5 per cent for waste. 
Include in an estimate for tile roof, gutters, coping, ridge roll, plates over ventilator windows and 
plates under ventilator windows, these being estimated in lineal feet. Flat plates for the ends 
of ventilators shall be estimated in sq. ft. 

Brick shall be estimated by number. For ordinary brick such as is used in mill building 
construction, estimate 7 brick per sq. ft. for each brick in thickness of wall, i. e., a 9 in. wall is two 
bricks thick and contains 14 brick for each sq. ft. of superficial area. 

Always note whether walls are pilastered or corbeled and estimate the additional amount of 
brick required. If walls are plain, no percentage need be added for waste, but if openings such 
as arched windows occur add from 5 to Io per cent. 

Concrete shall be estimated in cubic yards. Walls or ceiling of plaster on expanded metal 
shall be estimated in squares of 100 sq. ft., noting thickness and kind of reinforcement. Rein- 
forced concrete floors shall be estimated in sq. ft. of floor area, noting thickness and kind of rein- 
forcement. Paving of all kinds is estimated in square yards, but the concrete filling under the 

- pavement itself is estimated in cubic yards. Concrete floor on cinder filling is usually estimated 
in square yards, specifying its proportions. 

ESTIMATE OF COST.—The different types of framed steel structures vary so much with 
local conditions and requirements that it is only possible to give data that may be used as a guide 
to the experienced estimator. The cost of steel frame structures may be divided into (1) cost of 
material, (2) cost of fabrication, (3) cost of erection, and (4) cost of transportation. 

1. Cost of Material—The price of structural steel is quoted in cents per pound delivered 
f. o. b. cars at the point at which the quotation is made. Current prices may be obtained 
from the Engineering News, Iron Age or other technical papers. The present prices (1914) 
f. o. b. Pittsburgh, Pa., are about as follows: 


TABLE I. 


Prices oF STRUCTURAL STEEL (1914) F. 0. B. PITTSBURGH, PA., IN CENTS PER PouND. 
Price in Cts. 


Material. per Lb. 
I-beams, I8/in. and Over 5.5 «c+ ole « sie este wtetalsieletele i= MEd HSCS A Ponto acaitans 1.55 
I-beams and channels, 3 in. tO 15 in... sce cece eee eee eee ee eee ete e eee eeees 1.45 
H-beams, over 8! ins... 22 Jvalere aie/slelwelols wlatole aleleteis'srsteyalsl« nieietalerelaloieleielsvetelsierel> «le vm 1.60 
Angles, 3 in. to 6 in. inclusive... 06... ccc eee eee e eter renee ete en ee enreneese 1.45 
Angles, over’ Gite ie sie s . 2s Si igleeins siete Walaa ake Mine aialelatetefain wie/iete\ «late olialelalsie.sterele 1.50 
Zeea.3 ins ANG OVER. 6 o/s 65.2270. Bist wale Malate Hebets ers ictelm wipcele a ele wis olole «ft elm tun eera 1.45 


Angles, channels, and zees, under 3 in... 1... eee cece eee eee erent eee een ees 1.40 
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Werk beatmsrocsitl Dyan sles aretsrey- tare oe fecaetaiiers a) cle\sisrercvsiajeln-che si clo eieie-baee agiattcs ¥.75 
beckerediand cortugatedsplatesa. qasrwrae hrs « aieraie slsieis «yer velore feerorsicn. <6 1.75 to 1.90 
ittesaGbEUcedral sbascwme Wie tunerra hrs Cinlopave claire icc eareie.ci blovevele «mre v eisteicamae aces 1.40 
El aies Mite nA Se Apes MRED oc aa oes SE Sisal eied seis Ml Sc a wes ab Dovebendes 1.50 
<Barnmgaced steel NG se Salted ema srodere eyelet latest sieleiou c oatele'ess/o » avelooia'Sh awe s 2.15 
(orsugatedacteclBNOme oo aluanizedi + a venicatnrmcris acct osc. uisie ove%. scoide erate u ne 3.00 
pLeclushecesu Nias wk Otanc mbm, gale he clas ce tehs, sietnces hevorslontvre ls Gaslocar’s olwiektssate eis 1.90 
mr Steclisheets NOs MO andr galvanized... samen siaias siieilocie-« se ele end ave Seana. s 2.35 
SiG ESHEELAUN Ome 2 tai iciClamt aera es tcc smigk Nie e & ARIE «EL AL « cietl econ t's 2.10 
SieeleshGctsiNG.122 sealvannized.isa isan’. yrsjewialesvers tis Scale eicts ea)die1aie%s oeleihecw vied docks 2.95 
[Sse MGI, WAGELES gobi co cbc of pau te eae ee ee eee ee 1.65 
ISG Bo o o 3 8 Penino cli. Anne 48 SSCA E SU RBIORIDOI SITE Arnone aes a aor 2.10 


COST OF FABRICATION OF STRUCTURAL STEEL.—The cost of fabrication of 
structural steel may be divided into (a) cost of drafting, (6) cost of mill details, and (c) cost of 
shop labor. : 

(a) COST OF DRAFTING.—The cost of drafting varies with the character of the structure 
and with the shop methods of the bridge company. ‘There are two general methods in common 
use for detailing steel structures, sketch details, and complete details (see Chapter XII). The 
cost of drafting varies with the method of detailing and the number of pieces to be made from 
one detail, and costs per ton may mean but little and be very misleading. ‘The cost per standard 
sheet (24 in. X 36 in.) is more nearly a constant and varies from $15 to $25 per sheet. The 
following approximate costs, based on a total average charge of 40 cents per hour may be of value. 

Mill and Mine Buildings.—Details of ordinary steel mill buildings cost from $2 to $4 per 
ton; details for headworks for mines cost from $4 to $6 per ton; details for churches and court 
houses having hips and valleys, cost from $6 to $8 per ton; details for circular steel bins cost 
from $1.50 to $3 per ton; details for rectangular steel bins cost from $2 to $4 per ton; details for 
conical or hopper bottom bins cost from $4 to $6 per ton. 

Bridges.—Details of steel bridges will cost from $1 to $2 per ton where sketch details are 
used and from $2 to $4 per ton where the members are detailed separately. 

Actual Cost of Drafting.—The details of the Basin and Bay State Smelter, containing 270 . 
tons, cost $2 per ton. 

The costs of making shop details for steel structures as given in the Technograph No. 21, 
1907, by Mr. Ralph H. Gage, are given in Table II. 


TABLE II. 
Cost or SHop DRAWINGS. 


Character of Building. Average Cost per Ton. 


Entire skeleton construction, i. e., loads all carried to the foundation by means 
Estee COMMS Ee AE Cee Re aT nk bo hitnstons 

Interior portion supported on steel columns; exterior walls carry floor loads 
and their own weight 

Interior portion carried on cast iron columns; exterior walls support floor loads 
as well as their own weight 

No columns and floorbeams resting on masonry walls throughout 

Structure consisting mostly of roof trusses resting on columns 

Structure consisting mostly of roof trusses resting on masonry walls 

Mill buildings 

Flat one-story shop or manufacturing buildings.......... 

Tipples, mining structures or other complicated structures 

Malt or grain bins and hoppers 

Remodeling and additions where measurements are necessary before details 
Camubenminde ms nutes. shetcesaax eeh toma e eens Me one Ra Ihy GAAIEEO EP 


$1.45 
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Mr. Gage makes the following comments on the cost of drafting: “The cost of drafting 
materials and blue prints was not included. There is always a noticeable decrease in cost of 
the details when the plans for the ironwork are made and designed by an engineer and separated 
from the general work. On the average it cost 35 per cent more to make shop drawings of the 
structural steel when the data were taken from the architect’s plans than when the data were 
taken from carefully worked out engineer’s plans. Inaccurate plans where the draftsman is 
continually finding errors which must be referred to the architect materially increase the cost of 
shop drawings.” 

(b) COST OF MILL DETAILS.—If material is ordered directly from the rolling mill the 
price for the necessary cutting to exact length, punching, etc., is based on a standard ‘‘card of 
mill extras.” 


CARD OF MILL EXTRAS.—If the estimate is to be based on card rates it will be necessary 
to have the subdivisions a, b, c, d, e, f, r, etc., as follows: 

a = 0.15¢ts. per Ib. This covers plain punching one size of hole in web only. Plain punching, 
one size of hole in one or both flanges. 

b = 0.28cts. per Ib. This covers plain punching one size of hole either in web and one flange 
or web and both flanges. (The holes in the web and flanges must be of same size.) 

c¢ = 0.30cts. per 1b. This covers punching of two sizes of holes in web only. Punching of 
two sizes of holes either in one or both flanges. One size of hole in one flange and another size 
of hole in the other flange. 

d = 0.35cts. per lb. This covers coping, ordinary beveling, riveting or bolting of connection 
angles and assembling into girders, when the beams forming such girders are held together by 
separators only. 

e = 0.40cts. per Jb. This covers punching of one size of hole in the web and another size of 
hole in the flanges. 

f = 0.15cts. per Ib. This covers cutting to length with less vibration than + § in. 

ry = 0.50cts. per 1b. This covers beams with cover plates, shelf angles, and ordinary riveted 
beam- work. If this work consists of bending or any unusual work, the beams should not be 
included in beam classification. 

Fittings.—All fittings, whether loose or attached, such as angle connections, bolts, separators, 
tie rods, etc., whenever they are estimated in connection with beams or channels to be charged 
at 1.55cts. per lb. over and above the base price. The extra charge for painting is to be added 
to the price for fittings also. The base price at which fittings are figured is not the base price of 
the beams to which they are attached but is in all cases the base price of beams 15 in. and under. 

The above rates will not include painting, or oiling, which should be charged ‘at the rate of 
o.10cts. per Ib. for one coat, over and above the base price plus the extra specified above. 

For plain punched beams where more than two sizes of holes are used, 0.15cts. per Ib. should 
be added for each additional size of hole, for example, plain punched beams, where three sizes of 
holes occur would be indicated as: c + 0.15cts., four sizes of holes; e -- 0.30cts. For example: 
a beam with § in. and # in. holes in the flanges and § in. and 2 in. holes in the web should be 
included in class e. 

Cutting to length can be combined with any of the other rates, class d excepted, and would 
have to be indicated: for example: Plain punching one size of hole in either web and one flange, 
or web and both flanges, and cutting to length would be marked Of, which would establish a total 
charge of 0.40cts. per lb. 

Note to class d.—No extra charge can be added to this class for punching various sizes of 
holes, or cutting to exact lengths; in other words; if a beam is coped or has connection angles 
riveted or bolted to it, it makes no difference how many sizes of holes are punched in this beam, 
the extra will always be the same, namely 0.35cts. When beams have angles or plates riveted to 
them, and same are not half length of the beam, figure the beams as class d, and the plates and 
angles as beam connections. 

Note to class r-—This rate of o.socts. per Ib. applies to all the material making up the riveted 
beam. In case of assembled girders in which one of the beams should be classed as a riveted 
beam, in making up the estimate, figure only the beam affected as included in class ‘‘7.””_ When 
beams have angles or plates riveted to them and same are half length or more than half length 
of the beam, figure the beams as class ‘‘r,’’ including the plates or angles and rivets. When 
18 in., 20 in., or 24 in. beams are in ‘‘r’’ class keep the I’s separate from the material (plates, 
cast iron, separators, angles and rivets) which should go under heading, ‘15 in. I’s and Under.” 

Beams should be divided as 15 in. I’s and under, and 18 in., 20 in. and 24 in. I's. If there 
a viel one or two sizes of beams in any particular class, give exact sizes, instead of “15 in. I’s 
and Under. ; 
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In estimating channel roof purlins classify 7 in. channels and smaller as one punched; 8 in. 
channels and larger as two punched, unless they are shown or noted otherwise, and keep separate 
from other beams. 

No extra charge can be added to curved beams for riveting, cutting to length, etc. 

Subdividing work into a large number of classes should be avoided; it is better to have too 
few classes, rather than too many. 

The only subdivision necessary for cast iron columns are: 1 in. and over, and under I in, 
Columns with ornamental work cast on must be kept separate. 

Round and Square Bars.—In estimating round and square bars use the standard card for 
extras, Table III. It is not usual to enforce more than one-half the standard card extras for round 
and square bars, < 


Extras.—Shapes, Plates and Bars: 
(Cutting to length) 


Min sereqeemt Ol 2il te ACIUSIVELeicle eineuaismmiiins © cciacieines Lewin wv alex 0.25 ct. per Ib. 
Witter ouip Lond fe. peiGlustyess ety. is meee ee cytets ole mane bec Ge cokes « ok « 0.50 ct. per Ib. 
WSGGPR Huaauai ee dieiddg cide See aR 70's Ot Ae eae ea 1.55 ct. per lb. 


Extras—Plates (Card of January 7, 1902): 
Base 3 in. thick, 100 in. wide and under, rectangular (see sketches). 


Per 100 Lb. 
rd phic St OOr nrstom TOP inate ani tos. Saris tenn one fs bb ewesncnllhe. $ .05 
BLOM RCO S Ueto ieee ets hoes es eRe 10 
PUSHIN CORIO ee semi eT. Setehies hei ce alle sea oe as cee on 15 
H2ORM LONE? Silla eeu eerteet te tices eee eee cron ee aoe 25 
ez Seige SO IMac Meds Vaetoceateie ee ete tae ts Soe We ee .50 
CAKSTIUE OS ITE cis coro heen OOS OPI eee ae ae 1.00 
eapesmder sin. to andincluding <8 inven. se hoses be hace ele laececcel: 10 
Gayes under ag ina to and ancluding No: See.) one. sees. Hk osotte.s lseec.. 15 
Gasesmuncder No; 8 toand including No. on... 2 esas0n2 sa asde oc onetc clccen 25 
Gages;under No, o to’ andiincluding No, 10)... 0.4. as. de: 49 oe. leek ocsees. cune -30 
Gagesitinder Noy 10 to'and including No. 12). 0.21 s.neestet sds. chal... ble. -40 
Wenrsplecercitcles <r mrr ty een ee a ce eee 20 
Boilemandulange Succl.t mn. ee eet pet tds e AOE ces es ice eters .10 
Myfenamen and silts DO x: penny Pi Ree yas, eR die ee atta es ld .20 
Ordinary sketches.......... sestotoreVoresetel eter cte ale lovee Master a: tieis la lotee once eticcle «ais -10 


(Except straight taper plates, varying not more than 4 in. in width at ends, narrowest end 
not less than 30 in., which can be supplied at base prices.) 


TABLE III. 
‘STANDARD CLASSIFICATION OF ExTRAS ON IRON AND STEEL Bars.* 
Rounds and Squares. 
Squares up to 44 inches only. Intermediate sizes take the next higher extra. 


Per 100 Lb. 
DB OT Shere Gob obo a CN ORE OD On OOD DRE a en oe ea Rates. 
MH WORE | OE 6 Bie Lie ec ais taracee Brora Anca e rey os ae ane ne a ee $0.10 extra. 
9 a 
4 to See MAMD Aree vee lrred atriod ee ae ds selietie 11s) at's s0s)'s), aise) Bhi etey olla Posy) au prisiie so fads) cnaldicvaneoketeeva & Gevevc’s -20 i 
1s Trego Goel pt Odeo Seated Bae be ONE CENCE Cr Teen eee nee .40 
4 Posie ity born tcacken tan a ER lo 8 La me 
vs GRE aE ee oe at AT Re ner Ln ewer ce fOr 
ce Giialeeiy  MORLIEE She a3 ae orn Te Caen? nce Rapes Pa Sa ya re ThOO™ mee 
aa BNET Sat Re a, SOE Oe HS Ane a NR ye ie a kappa SS To 2:00.“ 
tr TF AE sc te GRAN EN a ae gS -  e B 250 eee 
“ce “ee 
aC OMS Meee cei eae ce MU ee CN ote eh ns hee ae te daca Gal 15 


* This classification has been quite generally adopted, although several firms issue a special 
card of extras. 
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TABLE III.—Continued. 
STANDARD CLASSIFICATION OF EXTRAS ON IRON AND STEEL Bars. 
Flat Bars and Heavy Bands. 


Cae cap Wal NORRIE ere One ab mar Ta an ei os 7 Cpa .25 extra. 
4is to 45 Dig wcvaize cor eave a) SaasiSruas he susyercvet Atay sot | Maha as eres ae eee hacaeederclonahcts ors eoe es -30 Fs 
Be EOr Si cho tegen t+ ooo eae a gare clare deal aa a 407 
Gol Cat (IDA Deane sikh aor Archit 79 JO. yikes esiotraa sth por Sg 50 

OU sy Se sR at oad Aa os ao ia ona at 7 
SEO Gh orsicotricte satan yi att premieres NG tacit Reena tr ase Piea ae reas L-00)staes 
Be OF avs snsin nln sconces BIN aint oar nibee eli Satie sks Plas ocala Ate ERI iets htge 1:25 eae 

Flat Bars and Heavy Bands. 

Per 100 Lb. 
SN eae ct oe me At amon one nmensoddc nape o lsh atop emmirs acowoouors: Rates. 
Peco Oe. ml BG aand: eis eee asters tee eee cheese ate Re te een eter tee ee TO $0.20 extra. 

to. oie EO, cas arene acon cratga tran garment tha aerate Bow os 
Eto, Aa Xp ands fy ye atemni see entangle AGO} = 2 
Bland i 8 CFO ee eae a ie ane aaa ‘50.cae 
Sande} Xpand fy en -a e ce eeae Olan 
4 Ce gr eG Me et SAP ARBa aoneogeG iC cc Ob mono ogg Spo peo CIO: 90. 
b Ca GA re einen gaia ta canes dodose ne na I6 pio ue avons SS 110) ae 
is SBS <a CI ds 5 oe MS eb Ps src, Mea SO tt RRS A OLS c T00me 
as HSE dard bg MO As nbn oy euete orci ete Serie es le ie ale tee Tope 
3 de Sr (cee en RAAB Sok ome anoace.uoteoCmnao bdgos. 1.50 “ 
Fe8, Bom rir que, Mola Sy ate Ob lmao asaeibH bbc Sos SAoroSetAPitU a oh oes bE AEG Or Pp faye 
Tee tOrO OX TE 0 he EL aan eea cesar cn come coders Cou DUpaCodDR On tsicd yey 
EEO 6 SOC Te | EO, rire eae rice rete relate leetranas oe Citta ero aay Bea 
SP to 6 XB 80 4 OO. wake neck iop ee eee een Pie dan ae AO) aes 
Light Bars and Bands. 

Per 100 Lb. 
1k to6 in. X Nos. 7, 8,9 and dyin... . 22-6. i eee cette ee tenn ete $0.40 extra. 
14 to 6_ in. X Nos. 10, II, 12 And. F inseanarqee me aed llp teammate atk bateke otek reve ae 
1 to. Igy ins X Nos. 7, 8, 9 and gop ith oo eee ele eiafelp a cine sictelolae Tole eietn sialess “50D eis 
I to 17s in. X Nos. 10, If, 12 EyNcir Bian eae ches SanepaoscocansoouONe hoor JONG 

18 to 4 in. X Nos. 7, 8, 9 and 96 in... 6. eee cerns ner eee tte nese ne escess 70 mae 
43 and 35 in. X Nos. 10, II, 12 and $ in... ....-- 120s seen esse seen eee fh SOMR y 
i and 3 in. X Nos. 7, 8, 9 and Ee Ween oma Sanoee attoncer oOaorerac bub oRdsI,. TL0O7 Nae 
Zand 3 in. X Nos.-10, 11, 12 and $ im... 1-0 pees ee nsec ee eee een ennemerc ess E20 eens 
3; and 3 in. X Nos. 7, 8, 9 and sie AID. uso cea cyetSkeyove) nae/2i=2 = easae oy ri=¥-fcas]= ehote aise ts 7.20 mae 
3 and 3 in. X Nos. 10, 11, 12 and A Wines ameihetamavers veoe tsi e ais tere ct bared Lage saele 1.40ides 
4 X Nos. 7, 8, 9 and 3 iM... cece ee tenn ee mete niece renee T.30\ank 
2 Nos. 10, 11, 12 and Fim... .--5..-.-.- Sie en RHA Sic 1.50 98 
5 X Nos. 7, 8, 9 and gp im... 6c eee eee eee eee teeter e eee eee 1.80.8 
is X Nos. 10, 11, 12. and $ isc 6. ee ee ene eset rien nie woes 2 0mers 
3 Nos. 7,8, 9 and gp im... - ee ete eet on see eels ag aati 1005 am 
3 Nos. 10, 11, 12 and Fim... oe. eee eee eee eee eee ee eee 2.40.5 om 


Mill Orders.—In mill orders the following items should be borne in mind. Where beams butt 
at each end against some other member, order the beams 2 in. shorter than the figured lengths 
this will allow a clearance of } in. if all beams come # in. too long. Where beams are to be built 
into the wall, order them in full lengths, making no allowance for clearance. Order small plates 
in multiple lengths. Irregular plates on which there will be considerable waste should be ordered 
cut to templet. Mills will not make reentrant cuts in plates. Allow 4 in. for each milling for 
members that have to be faced. Order web plates for girders } to 3 in. narrower than the distance 
back to back of angles. Order as nearly as possible every thing cut to required length, except 
where there is liable to be changes made, in which case order long lengths. 

It is often possible to reduce the cost of mill details by having the mills do only part of the 
work, the rest being done in the field, or by sending out from the shop to be riveted on in the field 
connection angles and other small details that would cause the work to take a very much higher 
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price. Standard connections should be used wherever possible, and special work should be 
avoided.—For additional notes on ordering material, see Chapter XII. 

In estimating the cost of plain material in a finished structure the shipping weight from the 
structural shop is wanted. The cost of material f. 0. b. the shop must therefore include the cost 
of waste, paint material, and the freight from the mill to the shop. The waste is variable but 
as an average may be taken at 4 per cent. Paint material may be taken as two dollars per ton. 
The cost of plain material at the shop would be 


Averagelcosimper Iba d-sombaamill sayee se soeeiee Steels te Saas... G.I 1.75 cts. 
PNe As pericenttOnwasterenvcmmen iin tf St ocnion Sette. vwocmeinete et 07m 
Acdep2-00/ penton fon paint materials... sede candcses cc cscs «es tcces.. LOLs 
Add freight from mill to shop (Pittsburg to St. Louis)...........0.0.0.000-. 2250 
plotalrcout per pound on DSEhOp ae ere eerie hele ome eee 2.145" 


To obtain the average cost of steel per pound multiply the pound price of each kind of material 
by the percentage that this kind of material is of the whole weight, the sum of the products will 
be the average pound price. 

(c) COST OF SHOP LABOR.—The cost of shop labor may be calculated for the different 
parts of the structure, or may be calculated for the structure as a whole. The following costs 
are based on an average charge of 40 cents per hour and include detailing and shop labor. The 
cost of fabricating beams, channels and angles which are simply punched or have connection 
angles loose or attached should ‘be estimated on the basis of mill details, which see. 

SHOP COSTS OF STEEL FRAME BUILDINGS.—The following costs of different parts 
of steel frame office and mill structures are a fair average. 

Columns.—In lots of at least six, the shop cost of columns is about as follows: Columns 
made of two channels and two plates, or two channels laced cost about 0.80 to 0.70 cts. per lIb., 
for columns weighing from 600 to 1,000 Ib. each; columns made of 4 angles laced cost from 0.80 
_ to 1.10 cts. per !b.; columns made of two channels and one I-beam, or three channels cost from 

0.65 to 0.90 cts. per Ib.; columns made of single I-beams, or single angles cost about 0.50 cts. per 
Ib.; and Z-bar columns cost from 0.70 to 0.90 cts. per Ib. 

Plain cast columns cost from 1.50 to 0.75 cts. per lb., for columns weighing from 500 to 2,500 
Ib., and in lots of at least six. 

y Roof Trusses.—In lots of at least six, the shop cost of ordinary riveted roof trusses in which 
the ends of the members are cut off at right angles is about as follows: Trusses weighing 1,000 Ib. 
each, 1.15 to 1.25 cts. per lb.; trusses weighing 1,500 Ib. each, 0.90 to 1.00 cts. per lb.; trusses 
weighing 2,500 Ib. each, 0.75 to 0.85 cts. per lb.; and trusses weighing 3,500 to 7,500 lb. 0.60 to 
0.75 cts. per lb. Pin-connected trusses cost from 0.10 to 0.20 cts. per Ib. more than riveted trusses. 

Eave Struts.—Ordinary eave struts made of 4 angles laced, whose length does not exceed 
20 to 30 ft., cost for shop work from 0.80 to 1.00 cts. per Ib. 

Plate Girders.—The shop work on plate girders for crane girders and floors will cost from 
0.60 to 1.25 cts. per lb., depending upon the weight, details and number made at one time. 


TABLE IV. 


Saop Cost oF CIRCULAR AND RECTANGULAR BINS AND STAND-PIPES, NOT INCLUDING 
Hoppers or Bottoms. 


Shop Cost in Cents per Lb. 


Thickness of Metal, In. 


Water Tight. 


0.90 
0.85 
0.80 


0.75 
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SHOP COSTS OF BINS AND STAND-PIPES.—Shop costs for circular and rectangular 
bins and stand-pipes are given in Table IV, while shop costs for bin and elevated tank bottoms 
are given in Table V. The shop cost of towers for elevated tanks are given in Table VI. 


TABLE V. 
SHor Cost oF BoTToMS FOR CIRCULAR AND RECTANGULAR Bins AND STAND-PIPES. 


Thickness of Material, Flat Bottom, Cents Spherical Bottom, Conical Bottom, Cents | Hopper Bottom, Cents 
In. Lb. Cents per Lb. Lb. Lb. 


4.00 
4.15 
4.40 
4.50 


TABLE VI. 
SHop Cost or Towers FoR ELEVATED TANKS AND BINs. 


Shop Cost in Cents per Lb. 


Weight of Tower and Bracing in Lb. 


Adjustable Bracing. Riveted Bracing. 
eee 
10,000 and less... ..- eee seer ee ee eeees 1.30 1.20 
10,000 tO 20,000... - +. sees eee eeeeeeeens 1.25 1.10 
20,000 tO 50,000... see eeeee cece ee eeeeeee 1.15 1.05 
50,000 and UP... .. eee ee eee eee eters 1.10 1.00 


SHOP COSTS OF INDIVIDUAL PARTS OF BRIDGES.—The cost of fabricating joists 
and other similar members should be estimated on the basis of mill details, which see. 

Eye-Bars.—The shop cost of eye-bars varies with the size and length of the bars and the 
number made alike. The following costs are a fair average: Average shop costs of bars 3 in. and 
less in width and 2 in. and less in thickness is from 1.20 to 1.80 cts. per lb., depending upon the 
length and size. A good order of bars running 23 in. X 2 in. to 3 in. X f in., and from 16 to 20 
ft. long, with few variations in size, will cost about 1.20 cts. per Ib. Large bars’in long lengths 
ordered in large quantities can be fabricated at from 0.55 to 0.75 cts. per Ib. To get the total cost 
of eye-bars the cost of bar steel must be added to the shopcost. Half card extras given in Table 
III should ordinarily be added to the base price of plain steel bars. 

Chords, Posts and Towers.—In lots of at least four, the shop cost is about as follows: Members 
made of two channels and a top cover plate with lacing on the bottom side, or two channels laced 
on both sides cost about 1.00 to 0.85 cts. per lb. for pin-connected members weighing from 600 
to 1,500 lb.; and about 0.80 to 0.70 cts. per lb. for members with riveted end connections. Mem- 
bers made of four angles laced cost from 0.80 to 1.10 cts. per Ib. for members with riveted ends. 
Members made of two angles battened will cost about 0.50 cts. per Ib. Angles used without end 
connections should have their cost estimated on the basis of mill. details, which see. 

Pins.—The cost of chord pins will vary with the size, number and other requirements. The 
shop cost of chord pins and nuts may be estimated at from 2.00 to 3.00 cts. per lb. Rollers will 
cost practically the same as pins. Rolled rounds (pin rounds) are used for making pins and 
rollers. 

Latticed Fence.—The shop cost of light simple latticed fence made of two 2 in. X 2 in. 
angles, with double lacing and about 18 in. deep, will be about 2.00 cts. per Ib.; while the shop 
cost of latticed fence, with ornamental rosettes or ornamental plates, may be as much as 4.00 to 
5.00 cts. per lb. 

Floorbeams and Stringers.—Plate girders used for floorbeams and stringers will cost from 
0.60 to 1.25 cts. per lb. depending upon the weight, details and number made at one time. Floor- 
beams made of rolled I-beams will cost from 0.50 to 0.75 cts. per Ib. f 
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SHOP COSTS OF BRIDGES AS A WHOLE.—The cost will be taken up under the head 
of pin-connected bridges, riveted bridges, plate girder bridges, combination bridge metal, and 


Howe truss metal. 
Shop Costs of Pin-connected Bridges.—The shop costs of pin-connected highway or railway 
bridges, exclusive of fence and joists, are about as follows: 


Bridges weighing, (5,000 Ibs and Less. <6. ojs.e.s « syois.c oicaicin aa asola oie oe « ave 1.30 cts. per lb. 
: we OOO ORETO OOM, areas tate farcyeseceyatevaneaais to Sieiore ops asics TeQO CLS ee aes 
i i TO; COOLLOME2O; O00) Da ees csstoogedeaPhctelepere aya ® issiGhyo:+0saus TsOOy st i eae 
i fe 20, OOOstOMEAG, OOO Day atrae suave acs cede sistavee aie eine ae « O90 ene 
7 o ZOCOORG) (CORSO RRM A Solna cent aCe Ore eee O. SOs dee 
i WP GOGO EORTOO,O00 Ibs cert tve oichs ici aiaieie «s,s. chek 2715 eal ea ee 
a FOO OCotoEnsO;000 of bis) tate ia epasitrals-fnereaicic.cis vise blnseuse-« OR Of a ae 
ws “4 1d LONGO) Biatel OS Saws belo ab Cone e eee OW ae ON 


These costs include detailing and one coat of shop paint. For reaming add 0.15 cts. per lb. 
Shop Costs of Riveted Truss Bridges.—The shop costs of riveted truss highway or railway 
bridges, exclusive of fence and joists, are about as follows: 


Bridges weighing * (5,000 lb: and lesss\. Si... .oseedcdcsectesecaesde 1.15 cts. per lb. 

é . SI OOOLLOMPIO;000 Ma). 2r.tA ns ie hee eee TrO0's Si eastiness 

‘y ae LO OOO IED ¢, 20/000 Ibis hi Wooaistao eee eee bee 0.90) 62 aaa 

. 20, OOONL Om 40,000, Ib 1.4 fetsrerer jel adiasiemie fata « Gi85 15. dina 

: ‘ p 49,000; £060; COOMlD Nn started case Rese fes oe halt O75 hee fe ae 
re a 60} O0OstO, 100; O00) Dee sPimioke ier aceon tio cal etieins OO es 

on s TOO; OOO OPT5O; O00 Ds 24.5 ucter Gries: Siadasd Sloxareios OOS ok! idee 

* , SO DOOM NAG StdeLN mi sistars Acted stake etka tanto OOO ale 


These costs include detailing and one Coat of shop paint. For reaming add 0.15 cts. per lb. 
Shop Costs of Plate Girder Bridges.—The shop costs of plate girder highway or railway 
bridges, exclusive of fence and joists, are about as follows: 


Spans weighing’ 10,000lbn and lessee. cen. eoe eee asec tos cken ces 0.90 cts. per Ib. 
“ a 10,000! tom 20,000 ID.. sais es. -siets Belch etainvs O85 fee 
‘a : 20,000 COM AO OOO rar sinner iis eral cee Fae cs te aes ON750 ee 
4 i AQ OOO LOMOO OOO Dake. eet nue see eee Aon OVKO ra ee 
ss 3 60/000 to TOO;OGOIbL Nuk saeco ties genet e ck oe OG: BES Fe 
. meh 1O0 COOfAnd Up Me ets. e eee emake oe ck che es OO MeCN 


These costs include detailing and one coat of shop paint. For reaming add 0.15 cts. per Ib, 
Shop Costs of Tubular Piers and Culverts.—The shop costs of steel tubular pier shells and 
steel culvert pipe are about as follows: 


@ubes 18 in: to 24 in. diameter, ¢ in. metal... 060. ccee ccc ec usccess 1.00 cts. per Ib. 
“~~ 24 in. to 30 in. diameter, } in. to 3 in. metal............ On SICOLOlO5 |. sams 
“30 in. to 48 in. diameter, } in. to 3 in. metal............ O70 TOlO;60) ee ee 
“48 in. to 72 in. diameter, } in. to } in. metal............ ©;65/t0/0.50) 5a ae 
“72 in. and up # ins to's in. metal... 2. 42-4 O50 tOjO:45 005 ee 


The above shop costs include detailing and one coat of shop paint. The necessary bracing 
and rods for tubular piers are included. 

Shop Cost of Combination Bridge Metal.—Where the bars and rods are standard and the 
. castings are made from standard patterns, the metal for combination bridges can be fabricated 
at about the same cost per pound as for pin-connected spans weighing the same as the weight of 
the metal in the combination bridges. 
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Shop Cost of Howe Truss Bridge Metal.—The shop cost of highway bridge castings made 
from standard patterns, is from 1.50 to 2.00 cts. per Ib. The shop costs of the plates, rods and 
other miscellaneous iron work will be from 2.00 to 2.50 cts. per Ib. 

COST OF ERECTION OF STEEL FRAME OFFICE AND MILL BUILDINGS AND 
MINE STRUCTURES.—In estimating the cost of erection of structural steel work it is best to 
divide the cost into (a) cost of placing and bolting steel, and (6) cost of riveting. The cost will 
be based on labor at an average price of $3.20 per day of 8 hours or 40 cts. per hour. 

(a) Cost of Placing and Bolting.—The cost of placing and bolting mill buildings for onineea 
conditions may be estimated at from $6.00 to $8.00 per ton. The cost of placing and bolting up 
steel office buildings may be estimated at from $5.00 to $9.00 per ton. The cost of placing and 
bolting up steel bins may be estimated at from $10.00 to $15.00 per ton. The cost of placing 
and bolting up head frames may be estimated at from $12.00 to $18.00 per ton. 

(b) Cost of Riveting.—It will cost from 6 to Io cts. per rivet to drive § or # in. rivets by 
hand in structural framework where a few rivets are found in one place. A fair average is 7 cts. 
per rivet. The same size rivets can be driven in tank work for from 4 to 7 cts. per rivet, with 
5 cts. per rivet as a fair average. 

The cost of riveting by hand is distributed about as follows: 


3 men, 2 driving and 1 bucking up, at $3.50 per dayvof 8hours js 1. «-saeieieieieionrs $10.50 
I rivet heater at $3.00 per day of 8 hours. ..........-ee eee eee cece cree teres 3.00 
Coal, tools, superintendence... .........cce cece rece rete eee e tere eecr essence 1.50 

Total per. dayic a oss: is,c/ajeteie ope1eejesalele /aka's) debe SYeotetere, told Eat Tal afore leye fete $15.00 


On: structural work a fair day’s work driving 3 in. or 3 in. rivets will be from 150 to 250, 
depending upon the amount of scaffolding required. This makes the total cost from 6 to I0 cts. 
per rivet. 

On bin work when the rivets are close together and little staging is required the gang above 
will drive from 200 to 400 rivets per day. This makes the total cost from about 4 to 7 cts. per rivet. 

Rivets can be driven by power riveters for one-half to three-fourths the above, not counting 
the cost of installation and air. The added cost for power and equipment makes the cost of 
driving field rivets with pneumatic riveters about the same as the cost of driving’ field rivets by 
hand. 

Soft iron rivets } in. and under can be driven cold for about one-half what the same rivets 
can be driven hot, or even less. 

Cost of Erection.—Small steel frame buildings will cost about $10.00 per ton for the erection 
of the stecl framework, if trusses are riveted and all other connections are bolted. The cost of 
laying corrugated steel is about $0.75 per square when laid on plank sheathing, $1.25 per square 
when laid directly on the purlins, and $2.00 per square when laid with anti-condensation lining. 
The erection of corrugated steel siding costs from $0.75 to $1.00 per square. The cost of erecting 
heavy machine shops, all material riveted and including the cost of painting but not the cost of 
the paint, is about $8.50 to $9.00 per ton. Small buildings in which all connections are bolted 
may be erected for from $5.00 to $6.00 per ton. The cost of erecting the structural framework 
for office buildings will vary from $6.00 to $10.00 per ton. 

Actual Costs of Erection.—The cost of erecting the East Helena transformer building, 1897, 
was $12.80 per ton, including the erection of the corrugated steel and transportation of the men. 
The cost of erecting the Carbon Tipple was $8.80 per ton, including corrugated steel. The cost 
of erection of the Basin & Bay State Smelter was $8.20 per ton, including the hoppers and corru- 
gated steel. 

The cost of erecting the structural steel work for the Great Northern Ry. Grain Elevator, 
Superior, Wisconsin, was $13.25 per ton including the driving of all rivets. There were 10,600 © 
tons of structural steel work, and 2,000,000 field rivets, or nearly 200 field rivets per ton of struc- 
tural steel. 
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Erection of Structural Steel for an Armory.*—The structural framework for the new armory 

of the University of Illinois, consists of three-hinged a.ches having a span of 206 ft., and a center 

height of 94 ft. 3 in. The arches are spaced 26 ft. 6 in. centers and are braced in pairs. The total 

weight of structural steel was 985 tons, and contained 15,400, 4 in. and 14,900, 3 in. or a total of 

30,300 field rivets. The cost of erecting the structural steel, including field riveting was $9.55 
per ton. The average cost of driving the field rivets was 13:1-cts. each. 

COST OF ERECTION OF STEEL BRIDGES.—The cost of erection ordinarily includes: 

(1) the cost of hauling the bridge to the bridge site; (2) the building of the falsework and the 
placing of the steel in position; (3) the riveting up of the bridge, and (4) painting the steel and 
the woodwork. 

Hauling.—Transportation over country roads will ordinarily cost about 25 cts. per ton- 
mile, in addition to the cost of loading and unloading. In estimating the cost of hauling on any 
particular job the length of haul, kind of roads, price of teams and labor, and the character of 
the teams should be considered. The cost of loading on the wagons and unloading will depend 
upon the local conditions, but will ordinarily be from 25 to 50 cts. per ton. For railroad bridges 
the steel work may ordinarily be brought directly to the site by rail. 

Falsework.—If piles are to be used the cost should be carefully estimated. The cost of the 
piles in place will vary with the cost of piles and local conditions. Under ordinary conditions 
piles in falsework will cost from 25 to 50 cts. per lineal foot in place. The cost of the timber will 
depend upon local conditions and upon what use is made of it after erection. The flooring plank 
in highway bridges, and ties and guard timbers in railway bridges can often be used in the false- 
work without serious injury. The cost of erecting the timber in the falsework will ordinarily be 
from $6.00 to $8.00 per thousand ft. B. M. 

Erection of Tubular Piers.—The cost of setting tubular piers for highway bridges will depend 
upon the conditions. Tubes 36 in. in diameter and 20 ft. long have been set in favorable locations 
for $25.00 per pair, not including the driving of the piles or the placing of the concrete. It is, 
however, not safe to estimate the cost of setting tubes from 36 to 48 in. in diameter under even 
favorable conditions at less than $2.00 per lineal foot of tube. When the cost of setting tubes is 
estimated by weight, it should be figured at from $15.00 to $20.00 per ton, for ordinary conditions, 
It will commonly cost from 25 to 50 cts. per lineal ft. to drive piles in tubes, in addition to the cost 
of the piles, which will vary from 10 to 20 cts. per lineal foot. The concrete will commonly cost 
from $6.00 to- $8.00 per cu. yd. in place in the tube. 

Placing and Bolting.—The cost of placing and bolting up riveted highway spans, and erecting 
pin-connected highway spans, no rivets being driven, is about as follows: 


Pighway SpansAkOn? ‘2O/;COMvOO: {tse sete eee ess s1elgie aielslvie olsun $12.00 to $15.00 per ton. 
a reed OO\EO, DOOLLE teat Port ast. cinyeis io.6 Sarsioks T0100! £0... 12:00" Stat 
sf ae Sse TOOCOULSO Stag Iniae smiresantaccateciare 9.00 to I0.00 “ “ 
ld ee prme TS Ont Cae TIGL Al poby oho) ohevet «x aforeayaien coi eicvates vee ste 8.00 Soa 


The cost of placing and bolting up railroad spans will depend so much upon the local con- 
ditions and equipment that it is difficult to give general costs. 

The cost of driving field rivets in pin-connected spans will vary from 7 to 12 cts. per rivet, 
while the cost of driving field rivets in riveted trusses will vary from 6 to 10 cts. per rivet. The ~ 
number of rivets in riveted low truss highway bridges depends upon the number of panels and 
the style of details, and will be about 155 to 200 for a three-panel bridge, and 400 to 500 for a 
six-panel bridge. The number of rivets in through riveted highway bridges will be about 250 to 
300 for a four-panel bridge, and 1,300 to 1,500 for a nine-panel bridge. Pin-connected bridges 
ordinarily have about } to 4 as many field rivets as a riveted bridge of similar dimensions. 

The approximate number of field rivets in single track railway bridges, designed for E 55 
loading, are given in Table VII. 


* Engineering and Contracting, Aug. 6, 1913. 
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TABLE VII. 


NUMBER OF FIELD RIVETS IN RAmway BripcEs, SINGLE TRACK, E 55 LOADING. 
(HARRIMAN LINES.) 


Plate Girders. , Through Truss Bridges. 


Deck. Through. Riveted. Pin-Connected. 


Number of Number of Number of Number of 
Pied Rivets, | SP Ft. | picid Rivets. | S?@% Ft- | picid Rivets. | SPA Ft | Field Rivets. 


30 2,900 
40 ; 2,900 
50 4,300 
60 2 5,300 
70 
80 
go 

100: 


The field rivets on the 20th St. Viaduct, Denver, Colorado, cost 7 cts. each. The rivets 
were driven by air riveters. 

Actual Costs of Erecting Railway Bridges.—The cost of erecting railway bridges on the A. T. 
& S. F. Ry. in 1907 are given in the report of the Assoc. of Ry. Supt. of B. & B. as follows:— 

Trusses, 984 tons erected, cost $4.63 per ton. 

Plate Girders, 2,784 tons erected, cost $5.49 per ton. 

-J-Beams, 2,837 tons erected, cost $2.88 per ton. 

All girders and I-beams were erected with a steam wrecker and the through spans with a derrick 
car. The reason for the plate girders costing more to erect than the through trusses was that 
many of the plate girders were on second track where the old girders had to be cut apart and moved 
to the outside and heavier girders put in their place. All rivets were driven by hand. For addi- 
tional examples of actual costs, see Gillette’s “Cost Data.” 

Transportation.—Fabricated structural steel commonly takes a ‘‘fifth-class rate” when 
shipped in car load lots, and a ‘‘fourth-class rate” when shipped “local” (in less than car load 
lots). The minimum car load depends upon the railroad and varies from 20,000 to 30,000 Ib. 
Tariff sheets giving railroad rates may be obtained from any railroad company. The shipping 
clerk should be provided with the clearances of all tunnels and bridges on different lines so that 
the car may be properly loaded. 

Freight Rates.—The freight rates (1913) on finished steel products in car load shipments from 
the Pittsburgh District, including plates, structural shapes, merchant steel and iron bars, pipe 
fittings, plain and galvanized wire, nails, rivets, spikes and bolts (in kegs), black sheets (except 
planished), chain, etc., are as follows, in cts. per 100 Ib. in carload shipments; Albany, 16; Buffalo, 
11; Boston, 18; Baltimore, 143; Cleveland, 10; Columbus, 12; Cincinnati, 15; Chicago, 18; Denver, 
Colo., 853; Harrisburg, 144; Louisville, 18; New York, 16; Norfolk, 20; Philadelphia, 15; Rochester, 
114; Richmond, 20; Scranton, 15; St. Louis, 23; Washington, 143. 

COST OF PAINTING.—The amount of materials required to make a gallon of paint 
and the surface of steel work covered by one gallon are given in Table VIII. Structural steel 
should be painted with one coat of linseed oil, linseed oil with lamp-black filler, or red lead paint 
at the shop; and two coats of first-class paint after erection. The two field coats should be of 
different colors; care being used to see that first coat is thoroughly dry before applying the second 
coat. Steel bridges and exposed steel frame buildings ordinarily require repainting every three 
or four years. 

The steel work in the extension to the 16th St. Viaduct, Denver, Colo., was painted with red 
lead paint mixed in the following proportions,—100 lb. red lead, 2 Ib. lamp-black and 4.125 gallons 
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of linseed oil. This mixture made 6 gallons of mixed paint of a chocolate color, and gave 1.455 
gallons of paint for each gallon of oil. 


TABLE VIII. 
AVERAGE SURFACE COVERED PER GALLON OF PAINT. 
PENcoyp HAND Book. 


Volume and 


Pouideiot Weight of Square Feet. 


Volume of Oil. | “pigment. Paint. 


Gal, Lb. | 1 Coat./2 Coats. 


Iron oxide (powdered) I gal. 8.00 1.2 = 16.00 | 600 | 350 
Tron oxide (ground in oil) I gal. : 216 == 32.70") (6Z0nlna 75 
Red lead (powdered) 1 gal. : 1.4 = 30.40 | 630 | 375 
White lead (ground in oil) I gal. 4 1071 = 33.00) 500) 400 
Graphite (ground in oil) I gal. : 2.0 = 20.50 | 630 | 350 
Black asphalt I gal. : : 4.0 = 30.00 | 515 
Linseed oil (no pigment) I gal. Pike. cone 7S 


Light structural work will average about 250 sq. ft., and heavy structural work about 150 
sq. ft. of surface per net ton of metal, while No. 20 corrugated steel has 2,400 sq. ft. of surface. 

It is the common practice to estimate } gallon of paint for the first coat and 3 gallon for the 
second coat per ton of structural steel, for average conditions. 

The price of paint materials in small quantities in Chicago are (1914) about as follows: 
Linseed oil, 50 to 60 cts. per gal.; iron oxide, 1 to 2 cts. per lb.; red lead, 7 to 8 cts. per lb.; white 
lead, 6 to 7 cts. per lb.; graphite, 6 to 10 cts. per Ib. 

A good painter should paint 1,200 to 1,500 sq. ft. of plate surface or corrugated steel or 300 
to 500 sq. ft. of structural steel work in a day of 8 hours; the amount covered depending upon the 
amount of staging and the paint. A thick red lead paint mixed with go lb. of lead to the gallon 
of oil will take fully twice as long to apply as a graphite paint or linseed oil. The cost of applying 
paint is roughly equal to the cost of a good quality of paint, the cost per ton depending on the 
spreading qualities of the paint. This rule makes the cost of applying a red lead paint with 30 lb. 
of pigment per gallon of oil from two to three times the cost of applying a good graphite paint, 
per ton of structural steel. For additional data on paints, see Chapter XV. 

MISCELLANEOUS COSTS.—The following approximate costs will be of value in making 
preliminary estimates. The cost of construction depends so much upon local conditions that 
average costs should only be used as a guide to the judgment of the engineer. 

MILL BUILDING FLOORS.—The following costs are for floors resting on a good compact 
soil and do not include unusual difficulties. 

Timber Floor on Pitch-Concrete Base.—The cost varies from about $1.25 per sq. yd. for a 
2-in. pine sub-floor and a {-in. pine finish, to about $1.75 per sq. yd. for a 2-in. pine sub-floor anda 
$-in. maple finish. 

Concrete Floor on Gravel Sub-base.—The cost varies from $1.25 to $2.00 per sq. yd. 

Creosoted Timber Block Floor.—Creosoted timber blocks 3 in. to 4 in. thick, laid on a 6-in. 
concrete base, will cost from $2.50 to $3.50 per sq. yd. 

ROOFING FOR MILL BUILDINGS.—The following costs include the cost of matetials 
and the cost of laying, but do not include the cost of the sheathing. 

Corrugated Steel Roofing.—The weight of corrugated steel roofing and siding may be ob- 
tained from Table I, Chapter I. The price of corrugated steel may be obtained from current 
quotations in Engineering News or Iron Age. The cost of laying corrugated steel is about $0.75 
per square when laid on plank sheathing, $1.25 per square when laid directly on the purlins, and 
$2.00 per square when laid with anti-condensation lining. The erection of corrugated siding 
costs from $0.75 to $1.00 per square. Asbestos paper costs from 3} to 4 cts. per lb. Galvanized 
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wire netting, No. 19, costs 25 to 30 cts. per square of 100 sq.ft. Brass wire, No. 20, costs about 20 
cts. per lb. No.9 galvanized wire costs about 3 cts. per lb. For trimmings, flashing, ridge roll, 
etc., add 1 ct. per lb. to the base price of corrugated steel. 

Tar and Gravel Roofing.—Four- or five-ply tar and gravel roofing, for average conditions, 
costs from $3.75 to $4.00 per square, not including sheathing. Five hundred squares of '5-ply 
tar and gravel roofing, in 1912, in the middle west, cost $3.93 per square, not including sheathing. 

Tin Roofing.—Tin roofing costs from $7.00 to $9.00 per square, not including sheathing. 

Slate Roofing.—Slate roofing costs from $7.00 to $12.00 per square, not including sheathing. 

Tile Roofing.—The cost of tile roofing is variable, depending upon style of roof and location 
and local conditions, and may vary from $13.00 to $30.00 per square, not including sheathing. 

WINDOWS.—Windows with wooden frames and sash, and double strength glass, will cost 
from 25 to 50 cts. per sq. ft. of opening. Windows with metal frames and sash and wire alate, 
will cost from 45 to 55 cts. per sq. ft. of opening. 

SKYLIGHTS.—Skylights with metal frames and sash and wire glass, will cost from 50 to 
60 cts. per sq. ft. Skylights made of translucent fabric stretched on wooden frames, will cost 
from 25 to 30 cts. per sq. ft. Louvres without frames, will cost about 25 cts. per sq. ft. 

CIRCULAR VENTILATORS.—Circular ventilators will cost about as follows:—12-in., 
$2.00; 18-in., $6.75; 24-in., $10.00; 36-in., $15.00 each, when ordered in lots of at least six. 

ROLLING STEEL SHUTTERS.—Rolling steel shutters will cost $0.75 to $1.00 per sq. ft. 

WATERPROOFING.—The following costs for waterproofing engineering structures are 
taken from the Proceedings of the American Railway Engineering Association, Vol. 12, 1911. 
(1) Bridge floor, 6-ply felt and pitch, 123 cts. per sq. ft., including protection over waterproofing. 
(2) Trough bridge floor, 4-ply burlap and asphalt, 10 to 163 cts. per sq. ft. (3) Bridge floor, 3-ply 
burlap and asphalt, and asphalt mastic, 16 cts. per sq. ft. (4) Concrete slab bridge floor, 5-ply 
felt, 1-ply burlap and pitch, 15% cts. per sq. ft., including a 10 year guarantee. 

MISCELLANEOUS MATERIALS.—The following prices are for small lots, f.o.b. Pittsburgh 
(May, 1914). 

Chain.—Standard chain, 33; in., 73 cts. per lb.; 4 in., 3 cts. per lb.; I in., 2.6 cts. per lb. 
For BB chain, add 13 cts. per lb., and for BBB chain, add 2 cts. per lb. 

Nails.—Base price of nails, $2.00 per keg of 100 lb.—20d to 60 d nails are base; for 10d to 
16d, add 5 cts. per keg; for 8d and 9d, add 10 cts. per keg; for 6d and 7d, add 20 cts. per keg; 
for 4d and 5d, add 30 cts. per keg; for 3d, add 45 cts. per keg, and for 2d, add 70 cts. per keg. 

Gas Pipe.—Gas pipe costs about as follows:—Standard gas pipe 1 in. diam., black, 33 cts. 
per ft., glavanized, 5 cts. per ft.; 2 in. diam., black, 73 cts. per ft., galvanized, 11 cts. per ft.; 3 in. 
diam., black, 16} cts. per ft., galvanized, 23 cts. per ft. 

Steel Railroad Rails.—Bessemer rails, $28 per gross ton (2240 lb.); open-hearth, $30 per 
gross ton. 

Wire Rope.—The cost of steel wire rope is about as follows:—3 in. rope, 10 cts. per lineal ft.; 
8 in, rope, 13 cts. per lineal ft.; 1 in. rope, 20 cts. per lineal ft.; 13 in. rope, 45 cts. per lineal ft. 

Manila Rope.—Manila rope costs about 12} cts. per lb. Sisal rope costs about 9 cts. per Ib. 

HARDWARE AND MACHINISTS SUPPLIES.—Prices of hardware and machinists 
supplies are for the most part quoted by giving a discount from standard list prices. The “ Iron 
AgeStandard Hardware Lists,” price $2.00, may be obtained from the Iron Age Book Department, 
239, W. 39th St., New York. Discounts from these standard lists are given each week in Iron 
Age. The base prices of structural materials are given in the first issue of each month of Engineer- 
ing News, and are given in each issue of Iron Age. 

REFERENCES.—For detailed estimates of steel mill. buildings and additional data on the 
cost of steel mill buildings see the authors ‘‘ The Design of Steel Mill Buildings.’’ For detailed 
estimates of steel highway bridges and additional data on the cost of steel highway bridges, see 
the author’s ‘‘ The Design of Highway, Bridges.” For data on the cost of retaining walls, bins and 
grain elevators, see the author's ‘* The Design of Walls, Bins and Grain Elevators.” For data 
on the cost of steel head frames, coal tipples, and other mine structures, see the author’s “ The 
Design of Mine Structures.” 


CHAPTER XIV. 
ERECTION OF STRUCTURAL STEEL. 


METHODS OF ERECTION.—The method used in erecting a steel structure will depend 
upon the type of structure, the size of the structure, the risk to be taken, as in bridge erection, 
whether the structure is to be erected without interfering with traffic, as in erecting a railroad 
bridge to replace an existing structure, or in erecting a building over furnaces or working machinery, 
the available tools, and local conditions. The tendency of modern structural steel erection 
practice is, as far as possible, to use derrick cars for erecting railway bridges and locomotive cranes 
for erecting mill buildings and other structures. 

The methods of erection that may be used for erecting different steel structures are as follows. 

Plate Girders and Short Riveted Spans.—Plate girders up to about 60 ft. span are very 
commonly riveted up complete with cross frames and bracing, either at the shop orat the site, and 
are placed in position on the abutments. With plate girders longer than 60 ft. and short riveted 
trusses one girder or truss is placed in position at a time and the floorbeams and bracing are put 
in place after the girders or trusses are in place. The girders or trusses may be swung into place 
by a stiff-leg derrick or a guy derrick set up alongside the track or back of the abutment where 
there is no track; by a derrick car, or may be hoisted into place by a gin pole. Where falsework 
has been placed girders are picked up from the cars by two gallows frames, one near each end of the 
span, or by one gallows frame and a derrick. Plate girders may also be put in place by sliding 
into place either longitudinally or transversely, or by jacking and cribbing. 

Truss Bridges.—Riveted trusses up to a span of 100 to 125 ft. may be riveted up on the 
bank and be swung into place by a boom traveler or a derrick. The floorbeams and bracing 
are then put in place and the span riveted up. Where falsework is required the bridge may be 
erected by a gantry or outside traveler placed outside of the trusses, by a boom traveler running 
on a.track placed inside the trusses, or by a derrick car. The gantry or outside traveler is com- 
monly used for long spans and for highway spans where no tracks are available. The boom 
traveler is commonly used for elevated railway and highway viaducts. The derrick car is now 
commonly used for erecting railway bridges and is sometimes used for erecting viaducts. 

Cantilever Bridges.—Cantilever bridges are commonly erected by means of an overhang 
traveler running on the completed portion, the structure being built out from the shore. Canti- 
lever bridges are sometimes erected on falsework in the same manner as simple trusses. 

Arch Bridges.—Arches may be erected on falsework in the same manner as simple truss spans, 
or may be cantilevered out from each abutment, the cantilever being supported by temporary 
cables running over a tower placed back of the abutments. 

High Viaducts.—High steel viaducts are commonly erected by means of an overhang or 
boom traveler running on a track on top of the viaduct girders. The overhang or boom is long 
enough to place a tower in advance with the traveler on the completed portion. Derrick cars 
have also been used for erecting high steel viaducts. The towers and the girders may be erected 
by means of gin poles. The tower bents may be bolted up before raising or may be erected and 
bolted up in place. 

Roof Trusses, Mill and Office Buildings.—Where there is sufficient room, roof trusses up 
to 150 ft. span may be riveted or bolted up on the ground and may then be raised into position 

. by means of one or two gin poles. Two gin poles should be used for long trusses. Care should 
be used not to cripple the lower chord. With light trusses, the lower chord members should be 
stiffened by means of timbers or other stiff members temporarily bolted or lashed to the member. 
Columns and beams in office buildings may be erected with stiff-leg or guy derricks, or “A” 
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derricks may be used for loads up to 5 tons. The bents of steel mill buildings may be erected in 
the same manner. Roof arches and train sheds are sometimes erected by means of falsework, 
which is moved as the erection proceeds. Boom-tower derricks running on tracks are found 
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very convenient. Locomotive cranes are now used for erecting mill buildings and similar struc- 
tures where tracks are available. 

Elevated Towers and Tanks.—The towers for high tanks are commonly erected by means 
of a gin pole. A gin pole long enough to erect the entire tower may be used, or short gin poles 
may be lashed to the part of the tower already erected; the gin poles being moved up as the erection 
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proceeds, Steel tanks are commonly erected from a movable platform suspended inside the 
tank. A movable swinging platform for the riveters is also swung outside of the tank. 
ERECTION TOOLS.—The tools and appliances used in the erection of structural steel vary 
so much that it will only be possible to give a brief summary together with data not ordinarily 
available. Many of the tools and appliances used in the erection of structural steel are of standard 
contruction and may be purchased direct from dealers, so that a detailed description is not neces- 
sary. 
Design of Erection Tools.—For the design of hoists, derricks, cranes, crane hooks, and other 
tools used in bridge erection, see Hess’s ‘‘ Machine Design, Hoists, Derricks, Cranes,” published 
by J. B. Lippincott Company. 
Hoists.—Hoisting engines may have the boilers attached or may be detached. A self-con- 
tained steam hoisting engine is shown in Fig. 1. Gasoline or electric power may be used to 
advantage where available. For light hoisting the 4-spool engine is commonly used. Data for 
the standard hoisting engines used by the American Bridge Company are given in Table I. 

Winches and Crabs.—For light hoisting winches or crabs operated by hand power may be 
used. A crab is attached to the mast or boom, while a winch is self-contained. Views of a crab 
and of a winch are shown in Fig. 1. 

HOISTING ROPE.—Either manila rope or wire rope may be used for hoisting. 

Manila Rope.—Only the very best new manila rope should be used for hoisting, as manila 
rope rapidly deteriorates when used and commercial manila rope varies greatly in strength. The 
weight, ultimate strengths and safe working loads for manila rope are given in Table II. Working 
loads with a factor of safety of three should only be used with new rope of the best quality. 


TABLE Ts 
STANDARD Hoistinc ENGINES. AMERICAN BRIDGE COMPANY. 
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TABLE II. 


ManiLA Rope. ULTIMATE STRENGTH, WEIGHT AND WORKING STRESS OF BEST 
MANILA Rope, 


Working Load for Derricks. Es, ; 
Ultimate Minimum Size 


of Drum or 
Sheave, In. 


f I Circumference | Weight 100 Ft. 
Diameter, In. | of Rope, In. b. | Strength, Lb. | Used Rope, NemRope 
Factor of 6, Lb. | Factor of 3, Lb. 


1.57 1,800 300 600 
2.37 4,000 670 1,340 
2.75 5,400 900 1,800 
3.14 7,200 1,200 2,400 
3.93 11,200 1,870 3,740 
4.71 16,000 2,670 55340 
5.50 21,600 3,600 7,200 
6.28 28,500 4,750 9,500 
7.86 45,000 7,500 15,000 
9.42 64,200 10,700 21,400 
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Knots in Manila Rope.—In a knot no two parts which lie alongside of each other should 
move in the same direction in case the rope were to slip. A few of the more common knots are 
shown in Fig. 2 which has been taken from+C. W. Hunt Company's book on “Manila Rope.” 


1. Bight of a rope. 16. Flemish Loop. 

2. Simple or Overhang Knot. 17. Chain Knot with toggle. 

3. Figure 8 Knot. 18. Half-hitch. 

4. Double Knot. 19. Timber-hitch. 

5. Boat Knot. 20. Clove-hitch. 

6. Bowline, first step. 21. Rolling hitch. 

7. Bowline, second step. 22. Timber-hitch and Half-hitch. 
8. Bowline, completed. 23. Black-wall-hitch. 

g. Square or Reef Knot. 24. Fisherman’s Bend. 
10. Sheet Bend or Weaver’s Knot. 25. Round Turn and Half-hitch. 
11. Sheet Bend with a toggle. 26. Wall Knot commenced. 

12. Carrick Bend. 27. Wall Knot completed. 

13. ‘‘Stevedore’’ Knot completed. 28. Wall Knot Crown commenced. 
14. ‘‘Stevedore’’ Knot commenced. 29. Wall Knot Crown completed. 


15. Slip Knot. 
“The bowline 7 is one of the most useful knots; it will not slip, and after being strained is 
easily untied. Commence by making a bight in the rope, then put the end through the bight 
and under the standing part as shown in Fig. 2, then pass the end again through the bight, and 


haul tight. : 
“The square or reef knot 9 must not be mistaken for the ‘granny’ knot that slips under a 


strain. Knots 8, 10 and 13 are easily untied after being under strain. The knot 13 is useful 


when the rope passes through an eye and is held by the knot, as it will not slip, and is easily untied 


after being strained. 
TABLE III. 


CrucisLe STEEL Horstinc Roper. WEIGHT, ULTIMATE STRENGTH AND WorKING Loaps OF 
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“The timber-hitch, 19, looks as though it would give way, but it will not;the greater the 
strain the tighter it will hold. The wall knot looks complicated; but is easily made by pro- 
ceeding as follows: Form a bight with strand a and pass the strand 6 around the end of it, and 
the strand ¢ around the end of 6, and then through the bight of a, as shown in the engraving 26. 
Haul the ends taut, when the appearance is as shown in 27. The end of the strand a is now laid 
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over the centre of the knot, strand 6 laid over a, and c over b, when the end of ¢ is passed through 
the bight of a, as shown in 28. Haul all the strands taut, as shown in 29.” 
The efficiency of a knot will vary from 45 to 75 per cent. 
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DaTA ON WoopEN BLocxKs FOR MANILA ROPE. 


Type of Block. 


TABLE IV. 


PLoucu Steet Horstinc Rope. WEIGHT, ULTIMATE STRENGTH AND WORKING LOADS OF WIRE 
Rope CoMPOSED OF 6 STRANDS AND A HEMP CENTER, I9 WIRES TO THE STRAND. 
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7,750 
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29,000 
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TABLE V. 
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AMERICAN BRIDGE COMPANY. 


Outside 
Diameter |Weight, 
of Sheave, | Lb. 


Ca- 


pacity, Size of Line, In. 


Single with hook 
Double with hook 


Single with hook 
Double with hook 
Triple with hook 
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Single with hook........ 
Double with hook....... 
Triple with hook 

Quadruple with shackle. . 
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Wire Rope.—Wire hoisting rope is now used for heavy hoisting and in all cases where prac- 
ticable. Wire rope is much more reliable, gives much greater service, and is much more eco- 


HOISTING TACKLE, 447 


nomical and satisfactory than manila rope. Data on crucible cast steel hoisting rope are given 
in Table III; and data on plough steel hoisting rope are given in Table IV. A factor of safety 
of 4 should be used for working loads only with derricks or hoists that are not in continuous 
action. For pile driving and for continuous hoisting a factor of safety of 6 should be used for 
working loads. Wire ropes used in hoisting are commonly 3, {and Zin. in diameter. The smaller 
diameters are used for guy lines. For standing guy lines a cheaper wire rope will usually be 
found satisfactory. Bending stresses in wire ropes are given in Fig. 7, Chapter X. 

HOISTING TACKLE.—Blocks for both manila rope and wire rope are made with wooden 
shells and with steel shells. Blocks up to 12 to 15 tons capacity are commonly provided with 
hooks; blocks for heavier loads are provided with shackles. Blocks should be well built with 
adequate bearings and carefully worked out details. The common types of blocks are shown in 
Fig. 3. 

Data on wooden blocks for Manila rope as used by the American Bridge Company are shown 
in Table V. , 

Data on steel blocks for wire rope as used by the American Bridge Company are shown in 
Table VI. 


TABLE VI. 


DaTA ON STEEL BLOcKs FOR WIRE Rope. AMERICAN BRIDGE COMPANY. 


‘ Thickness ; H Outside 
Type of Block. Veo i of Block, Copeciey ae a Diameter of 
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Single with shackle 21 
Double with shackle 21 
Triple with shackle 21 
Quadruple with shackle 21 
Six sheave with shackle 21 
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Rigging.—The rigging for lifting loads with wire rope are given in Fig. 4, and for manila 
rope in Fig. 5. These data are based on experiments made by the American Bridge Company, 
and have been adopted as standard by the American Bridge Company and the McClintic-Marshall 
Construction Company. 


TABLE VII. 


Ratios or Loap To Putt 1n LEAD LINE. q 


Manila Rope. 


Lift per Unit Pull in Lead Line for Tackle with Parts as follows. 
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12" Blocks for lz” Rope: 
Capacity of Blocks 
Single with Hook, § Tons- 
Double with Hook, 7 Tons: 
Triple with Hook, 8 Tons- 
Approximate pull on lead line, 2 Tense 
/4” Blocks For Ig Rope- 
Capacity oF Blocks 
Jingle with Hook, 6 Tons: 
Doutle with Hook, /0 Tons 
Triple with Hook, /2 Tons: 
Quadruple with Shackle, /4 Tons- 
Approximate pull on lead line, 3 Tons+ 
20" Blocks For 2” Rope: 
Capacity of Blocks 
Single with Shackle, [5 Tons- 
Double with Shackle, 22 Tons- 
Triple with Shackle, 30 Tons- 
Quadruple with Shackle, 35 Tons+ 
Approximate pull on lead line, § Tons- 
These values are only for tackle as shown IF lead 
line is snatched or passes over additional sheaves, 
capacity diminishes- 


LIFTING CAPACITY OF TACKLE 
WOODEN SHELL BLOCKS WITH MANILA ROPE+ 
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Efficiency of Tackle.—The efficiency of rigging as calculated from tests made by the Ameri- 
can Bridge Company is given in Table VII. The tables may be used in calculating the loads 
that can be lifted by tackle as follows:— 

Given pull in lead line, to find load lifted—Divide the pull by 1.20 each time line is snatched 
or passes over sheaves other than those in tackle blocks; multiply quotient by ratio of load to 
lead line pull, Table VII, and the result is the load lifted. For example, lead line pull of engine 
= 10,000 Ib.; rigging as ee snatch blocks, 2 sheaves, and 7-parts of 1} in. line in main 


falls. Then Load lifted = zs a raed, ox 4.89 = 23,600 lb. If load to be lifted is given, to find 


pull in lead line, reverse above operation. 
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DaTA ON CHAINS. AMERICAN BRIDGE COMPANY. 
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Chains.—Chains should be made of the best grade of double refined iron, and should be 
fabricated with great care. Details of a $-in. ring chain; a 2-in. hook chain, and of a $-in. twin 
hook chain, as made for the American Bridge Company, are given in Fig. 6, and data on chains 
are given in Table VIII. 

Jacks.—Hydraulic and power lifting jacks of the necessary capacity should be provided. 

Miscellaneous Tools.—In addition to the standard tools required by bridge carpenters and 
by the bla¢ksmiths many special tools are required by structural steel erectors. The most im- 
portant special tools required in steel erection as used by the American Bridge Company are 


STEAMBOAT SACK 


aay 


oo 
- awe mmeww ore mney ress 


TERRY OLD MAN 


SHEAR FOR CORRUGATED STEEL STEAMBOAT RATCHET 


Fic. 15. MisceLLANEOuS TOOLS FOR STEEL ERECTION. 


given in Fig. 7 to Fig. 14. An improved “old man” as used by Terry and Tench is shown in Fig. 
15. A corrugated rolling shear, and a steamboat jack and a steamboat ratchet are also shown 
in Fig. 15. The special tools used by the Chicago Bridge and Iron Company for the erection of 
elevated tanks are given in Fig. 16 and Fig. 17. 

LIST OF TOOLS.—The tools required for any job will depend upon the size of the work, 
the number of men employed, and upon local conditions. A complete list of the tools that are 
commonly used by structural steel erectors is given in Table IX. 

Actual lists of the tools used for the erection of a steel railway bridge, a steel highway bridge, 
and a steel mill building are given in Table X, Table XI, and Table XII, respectively. 
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TABLE IX. 


List oF ERECTION TOOLs FOR STRUCTURAL STEEL. 
AMERICAN BRIDGE COMPANY. 


Name. 


Adzes. 

Air Chippers. 

Air Compressors 

Air Drills. 

Air Pumps. 

Air Reamers. 

Air Receivers. 

Anchors. 

Angle Bars for R. R. Rails. 

Anvils. 

Auger Bits. 

Augers (ship) 34 in. to Iz¢ in. 

Axes. 

Axes (Hand). 

Backing Out Punches. 

Balance Beams. 

Bars, Chisel. 

Bars, Claw. 

* Bars, Connecting. 

Bars, Crow. 

Bars, Pinch. 

Bellows. 

Bits for Braces. 

Blacksmith Blowers. 

Blacksmith Hand Tools. 

Blocks (8, 10, 12, 14, 16, 18) in. Single. 

Blocks (8, 10, 12, 14, 16, 18) in. Double. 

Blocks (14, 16, 18, 20) in., 3 Sheave. 

Blocks, 4 Sheave. 

Blocks. (8, 10, 12, 14, 16, 18, 20) in. (Snatch) 
at 

Blocks (1, 2, 3, 4 6) Sheave, Wire Rope. 

Boats (give kin 

Boilers (only). 

Boring Machines. 

Braces (Carpenter). 

Branding Irons. 

Brushes (Paint). 

Brushes (Wire). 

Buckets. 

Car Axles. , 

Cars, Camp. 

Cars, Derrick. 

Cars, Flat. 

Cars, Lever. 

Cars, Push. 

Cars, Tool. 

Car Wheels. 

Center Punches. 


Chains, (3, §, ¢, %) in. Hook & Ring, — ft. long. 


Chains, I in. Hook & Ring, — ft. long. 
Chains, 3, %, 3, I in., two rings, — ft. long. 
Chisels, Cope. 
Chisels, Framing. 
Clevises. 
Cold Chisels. 
Currugated Iron Cutters. 
Corrugated Iron Dolly Bars. 
“Hammers. 


ig “Punches. 


Corrugated Iron Rivet Sets. 
“Shears. 
Crabs, Single Gear Iron Frame A—Flat. 
Crabs, Double Gear Iron Frame A—F lat. 
Crabs, Single Gear Wooden Frame A—Flat. 
Crabs, Double Gear Wooden Frame A—Flat. 
Cutters, Handle. 
Derricks. 
Derrick Balls Overhauling. 
Booms (Steel). 
Booms (Wood). 
Boom Bands, 2 Links. 
“Foot Blocks. 
“  & Mast Angles. 
Bearing Plates. 
Pins. 
Plates. 
Foot Blocks. 
Goose Necks. 
Gudgeon Pins. 
Masts (Steel). 
Masts (Wood). 
Mast Band. 
Mast Band, one link. 
Mast Seat. 
Round Spiders. 
Long Spiders, Two ne 
One Guy. 
Diamond Points. 
Dolly Bars, Bent. 
Club. 
Goose Necks. 
Heel. 
Spring. 
Straight. 
Drawing Knife. 
Drilling Machine (Portable). 
Drift Pins (3%, 44, +3, +8) in. diameter. 
Drills, Flat. 
Drills (Stone). 
Drills (Twist). 
Engine and Boiler. 
Eye Bolts. 
Files. 
Forges (not rivet). 
Gauges (Track). 
Gin poles (Wood) Gas Pipe, Shoes. 
Grind Stone. 
Guy Clamps. 
Guy Rods. 
Guy Wire. 
Hammers (Chipping). 
Hand Gouges. 
Handle Gouges. 
Handles—Hammer, Maul, Axe, Adze, Pick. 
Hatchets. 
Hook for I Beams—Large, Medium, Small. 
Hooks, Cant. 
Hooks for Eye-Bars. 
Hooks, Girder. 
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TABLE [X.—Continued. 


Name. 


Hooks for Heavy Chord. 
Hooks for holding on. 
Hooks, Scaffold. 
“Stringer. 
i limber 
Horse Powers. 
Hose, Air Drill. 
«Rubber. 
Steam. 
«Bands. 
Couplings. 
Jacks, Hydr.—Capacity. 
=~ Norton. 
“ Rail, Double. 
“ Rail, Single. 
Steamboat. 
“ Steamboat Pull. 
Steamboat Pushing. 
Screw. 
Se Tracks 
Kettles, Iron. 
Ladles. 
Lag Screws. 
Ladders. 
Lanterns. 
Levels (Spirit). 
Locks. 
Marking Pot. 
Mattocks. 
Mauls, Spike. 
Mauls, Steel (8, 9, 12, 16, 18, 20) lb. 
Nails. 
Oars. 
Oar Locks. 
Oil Cans. 
Old Man. 
Picks. 
Pike Poles. 
Pile Hammers. 
“ Driver Leads. 
Rings. 
“ Ring Hooks. 
Pins, Cotter. 
Pipe Cutters. 
Pipe, Iron. 
Pipe Tongs. 
Planes. 
Plumb Bobs. 
Pneumatic Bucker-up. 
Pneumatic Hammer. 
Pump, Boat, Galvanized Iron. 
Pump, Centrifugal. 
“Force. 
Steam, 
Punch, Hydraulic. 
Punch, Screw. 
Purchase Rings. 
Rails (Steel). ; 
Rail Splice Plates. 
Rail Buggies. 
Rams. 
Ratchets. 


73 


cc 


Name. 


Reamers—3t, 4%, 7%, Ive in. 
Reamer Handles. 
Rivet Busters. 
“Clamps. 
“ Clamp Hooks. 
Forges. 
Gouges. 
Hammers. 
“ Sets for—t, §, 3, f, 1, in. Rivets (Hand). 
“~ Sets for—t, §, 3, §, 1, in. Rivets (Pneu- 
matic). 
Set Cuppers. 
Set Gouges, Standard. 
Set Rivet Tongs. 
Set Trimmers. 
Spikes. 
Rollers. 
Roofing Sets. 
Rope, Manila—4, 1, 14, 13, 2 in. 
Rope Lashing, Manila. 
Rope Slings, Manila. 
Rope, Wire Hoisting. 
Saws, Crosscut. 
Saws, Hand. 
Saw Frames, Hack. 
Saws, One Man. 
Saw Sets (Crosscut). 
Screw Drivers. 
Shackles. 
Sheaves,—in. dia. 
Shovels. 
Squares (Carpenter). 
Stock and Dies. 
Stoves. “ 
Sulphur Pot. 
Tape Lines. 
Tarpaulins. 
Timber Buggies. 
Tool Boxes. 
“Steel, Octagon. 
“ Steel, Round. 
“Steel, Square. 
Traveler Corner Irons. 


be Plates. 

s Rods. 

oe Wheels, Standard. 
Traveler Wheels. 


ss Wheel Boxes. 
Travelers (Wood). 
Travelers (Steel). 
Turnbuckle Rods. 
Tuyere Irons. 
Valves. 
Vises. ° 
Wagons. 
Wrenches, Chain. 
Wrenches, Fork—4, 3, 3s, 4, in. 
Wrenches, Key—large, medium, small. 
Wrenches, Monkey. 
Wrenches, S. 
Wrenches, Stillson. 
Wedges. 
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TABLE X. 


List oF TOOLS FOR ERECTION OF STEEL RAILROAD BRIDGE CONSISTING OF SEVERAL 75-FT. PLATE 
GIRDERS, A 180-FT. THROUGH SPAN, AND AN 80-FT. VERTICAL LirT SPAN, INTER- 
NATIONAL FALLs, MINNESOTA. MINNEAPOLIS STEEL & MACHINERY Co. 


Name and Size of Tool. Quantity. Name and Size of Tool. 


(e) 
B 
A 
a 
< 


Forges, Complete. 

Files. 

Gouges, Hand, 

Gouges, Handle. 

Hack Saws and Blades. 
Hammer, 7 lb. 

Hammer, Claw. 

Hammers, Blacksmith, 5 lb. 
Handles. 


Augers, Ship, 7% in 
Adz 
ee Hand. 


Anvils. 
Bars, Crow. 
Bars, Claw. 
Bits, 3 in. 
Box, Tool. 
Braces. 


_ 


Brushes, Wire. 
Brushes, Paint. 
Block, Steel, Snatch, to in. 
Block, Steel, Snatch, 12 in. 


Hooks, Scaffold. 

Hose, Air, $ in., 700 ft. 
Hose, Water, % in. X 50 ft. 
Jack, Screw, 23 in. X 16 in. 


Jack, Track. 

Jack, Stone. 

Jack, Hydraulic, 15 ton. 
Lanterns. 

Level. 

Man, Old. 

Punches, Backing Out. 
Punches, Screw (Frame). 
Pipe Vise 

Pick. 

Drift Pins, $ in. 

Drift Pins, $ in. 

Drift Pins, 7 in. 

Pail, Water. 

Ratchets. 


Block, Steel, Snatch, Wire Rope, 12 in. 
Block, Steel, Single, Wire Rope, 12 in. 
Block, Steel, Single, Wire Rope, 14 in. 
Block, Steel, 4 Part, Wire Rope, 16 in. 
Block, Steel, Double, Wire Rope, 18 in. 
Block, Steel, Double, Wire Rope, 12 in. 
Block, Steel, Triple, Wire Rope, 12 in. 
Block, Wood, Snatch, ro in. 

Block, Wood, Snatch, 12 in. 

Block, Wood, Single, Tackle, 8 in. 
Block, Wood, Single, Tackle, 10 in. 
Block, Wood, Single, Tackle, 12 in. 
Block, Wood, Double, Tackle, 8 in. 
Block, Wood, Double, Tackle, IO in. 
Block, Wood, Double, Tackle, 12 in. 
Block, Wood, Triple, Tackle, 12 in. Receiver, Air, 30 in. X 60 in. 
Block, Wood, Triple, Tackle, 14 in. .| Rope, Manila, 1 in., 7 pieces. 
Block, Chain, 5 Ton. I .| Rope, Manila, 1} in., 5 pieces. 
: Cable, Wire, 3 3 in. .| Rope, Manila, 2 in., 1 piece. 
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.| Cable, Wire, 3 $ in. 

.| Cable, Wire, 3 Z in., galvanized. 
Chains, $ $ in., 23 ft. long. 
Chains, ¢ 4 in., 14 ft. long. 
Chains, 3 3 in., 12 ft. long. 
Chains, 4 12 ft. long. 
Clamps, rcutle, in. 
Clamps, Cable, in. 
Clamps, Cable, ¢ in. 
Clamps, Rivet. 

Chisels, Round Nose. 
Chisels, Cold. 

Cutters. 

Cant Hooks. 
Compressor, Air. 
Derrick, 12 ton. 

Dolly, Timber. 

Dolly, Goose Neck. 
Dolly, Straight. 

Dolly, Spring. 

Dolly, Wedge. 

Dolly, Heel. 

Drills, Twist, + 

Dnills, Twist, +4 in. 
Dnills, Twist, 44 in. 
Drills, 1} in. X 4 ft. 
Engine, Hoisting. 


ae sie 


wal 
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is) 


.| Rope, Manila, 2 in., 1 piece. 
.| Rope, Manila, 2 in., 1 piece. 
.| Rope, Manila, 1 in., 2 pieces. 


Rope, Manila, Lashings. 
Stock and Dies, Blacksmith. 
Stock and hs Pipe. 
Snaps, Rivet, 3 3 in. 
Snaps, Rivet, ? in. 
Snaps, Rivet, # in. 

Saws, Cross Cut. 

Saws, Hand. 

Shovels, No. 2. 

Shovels, Snow. 

Square. 

Shackles 

Trucks, Dolly. 

Tongs, Blacksmith. 
Tongs, Heater 
Wrenches, Bridge ? in. 
Wrenches, Bridge } in. 
Wrenches, Monkey 
Heavy Traveler, 12 ton. 
Rollers, 10 in. and 12 in. 
Pneumatic riveting guns, 
28 in Turnbuckles. 
Stoves. 

2 in. X 8 in. Step bolts. 
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TABLE XI. 


List oF TOOLS FOR THE ERECTION OF 80-FT. SPAN HIGHWAY BRIDGE. 
MINNEAPOLIS STEEL & MACHINERY Co. 


Name and Size of Tool. Name and Size of Tool. 


Axes. 

Axes, Hand. 

Bits, 1 in., $ in., 3 in. 
Buster. 

Box, Tool. 

Brace. 

Brush, Paint. 

Blocks, 10 in. 

Block, Single Tackle, 8 in. 
Block, Single Tackle, 10 in. 
Blocks, Double Tackle, 8 in. Pile Driver Nipper 

Chain, 3 in., 8 ft. long. Ratchet. 

Chain, # in., 7 ft. long. Rope, Manila, 1} in. 

Clamp, Rivet. Rope, Manila, 1 in., 5 pieces. 
Chisel, Hand. Lashings, 15 ft. 

Dolly, Timber.* Stock and Dies, Blacksmith. 
Drills, Twist, $$ in. Saw, Crosscut. 

Files. *Saw, Hand. 

Gouges, Handle. Shovels, Short Handle 
Hacksaw and Blades. Shovels, Long Handle. 
Hammers, 7 lb. Square. 
Hammers, Claw. Wrench, Bridge, 
Hammer, Machine. Wrench, Bridge, 
Handles, 30 in. Wrench, Bridge, 5 
Jack Screw, 12 in. Wrench, Stillson, 10 in. 
Level. Wrench, Monkey, 12 in. 
Wheel Barrows. 


Man, Old. 

Punches, Backing out. 
Pick. 

Pump. : 

Pins, Drift, 

Pins, Drift 

Pails, Water. 

Pile Driver Leads. . 
Pile Driver Hammer. 


Pile Driver Head Block. 
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ERECTION OF TRUSS BRIDGES.—Truss bridge spans are usually erected on falsework. 
The truss may be erected by means of a traveler or a derrick traveler or a derrick car. The usual 
procedure where a traveler is used will be briefly described. After the falsework and traveler are 
ready, lay out the center lines of the trusses on the falsework and locate the positions of the panel 
points. At each panel point place the necessary blocking for camber. Then beginning at the 
fixed end place the pedestals in position.and place the lower chords and the floorbeams and stringers 
in position and distribute the pins. If the floorbeams and stringers will be in the way they are 
not placed until they are needed. The traveler is run to the center of the bridge and the center 
panel on each side is erected. The upper chord section is hoisted and held a little above its final 
position; the posts are raised, the diagonals are put in place and the pins are driven, or with a 
riveted truss the joints are field bolted in about 50 per cent of the holes. The panel on the oppo- 
site side is then erected and the top lateral struts and bracing are put in place, the floorbeams and 
stringers are connected up and the lower laterals are put in place, so that the center tower is fully 
braced. Great care must be used in erecting the middle tower to see that it is in exactly the 
proper place. After the center panel is complete the traveler is moved toward the fixed end, 
erecting the trusses one panel at a time. The traveler is then run back to the center and the 
roller,end of the trusses are erected. After the span is all connected up and all connections are 
properly bolted up, the blocking is knocked out and the bridge is swung clear. The details of 
erection vary with the type of truss and local conditions and the above description is intended to 
merely give an idea of the procedure. Truss bridges may also be erected by starting the ~ 
traveler at the fixed end. 

Where a derrick car or a derrick ‘traveler is used the erection is commonly started at the 
fixed end. 
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TABLE XII. 


List oF ERECTION TooLs FOR THE ERECTION OF A STEEL MILL BUILDING 60 FT. BY I 50 FT. WITH 
CORRUGATED STEEL COVERING; 43 Tons STEEL, 7 TONS CORRUGATED STEEL. 
MINNEAPOLIS STEEL & MACHINERY Co. 


Name and Size of Tool. ity. Name and Size of Tool. 


Axe, Hand. 

Bars, Crow. 

Bars, Connecting. 

Box, Tool. 

Braces. 

Brushes, Paint. 

Block, Steel, Single, Wire Rope, 
, Io in. 

Block, Steel, Double, Wire Rope, 

10 in. 

Block, Wood Snatch, ro in. 

Block, Wood, Single Tackle, 8 in. 

Block, Wood, Double Tackle, 8 in. 

Cable, 4 in., 3 pieces. 

Chain, } in., 3 ft. long. 

Chain, $ in., 8 ft. long. 

Chain, } in., 9 ft. long. 

Clamps, Cable, in 

Clamps, Cable, } in. 

Clamps, Rivet. 

Chisels. 

Cutters. 

Crab, Small. 

Dolly, Timber. 

Dolly, Goose Neck, § $ in. 

Dolly: Straight, § § in. 

Dolly, Spring, 3 in. 

Dolly, Corrugated Steel. 

Dolly, Jam, 3 in. 

Drills, Twist, +¢ in. 


Forge, Complete. 

Gin Pole. 

Gouges, Handle. 

Hack Saw and Blades. 
Hammer, Claw. 

Hammer, Machine. 

Handles, 30 in. 

Man, Old 

Punches, Backing out. 
Punches, Corrugated. 

Pins, Drift, $ in. 

Pins, Drift, in. 

Ratchet. 

Rope, Manila, # in., 8 pieces. 
Rope, Manila, Lashings. 
Stock and Dies, Blacksmith. 
Snaps, Rivet, in. 

Saw, Hand. 

Square. 

Shackles. 

Snips, Corrugated. 

Tongs, Blacksmith. 

Tongs, Heater. 
Tongs, Pick-up. 
Vise, Machinist. 
Wrenches, Bridge, 
~ Wrenches, Bridge, 
Wrenches, Bridge, 
Wrenches, Bridge, 
Wrenches, Monkey. 
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In erecting the Municipal Bridge over the Mississippi River at St. Louis, sand boxes were 
used for camber blocking in the place of the usual timber camber blocking. 

The threads of pins should be protected by pilot nuts and pilot points when driving. Details 
of standard pilot nuts are given in Table 99, Part II, and of standard pilotpoints in Table 100, 
Part II. 

RIVETING.—Field rivets may be driven by hand or with pneumatic riveters. Before 
driving the rivets the parts to be riveted must be drawn up by means of erection bolts so that the 
holes are fully matched and the surfaces of the metal are so close together that the metal from the 
rivet will not flow out between the plates. The holes are brought in line and matched by the use 
of drift pins, Fig. 7 and Fig. 17; care should be used not to injure the metal with the ‘drift pin. 
If the holes will not match they should be reamed. A gang for hand riveting consists of four 
men, (1) a rivet heater, (2) a bucker-up, (3) a rivet driver, and (4) a man to catch and enter the 
rivets, to assist in driving and to hold the rivet set (snap). The hot rivet is thrown by the rivet 
heater with rivet-pitching tongs, Fig. 11; the rivet is caught in a bucket or keg and is put into the 
rivet hole with the rivet-sticking tongs, Fig. 11. The rivet is then bucked- -up with a dolly, Fig. 9 
or Fig. 10, and is upset with a rivet hammer, Fig. 7. After the rivet is upset to fill the hole a rivet 
set (snap), Fig. 7, is held over the upset rivet and a few blows with the riveting hammer completés 
the work. Field rivets are ordered with enough stock to furnish metal to fill the hole and to 
form a perfect rivet head. If the rivet is too short, either the hole will not be filled or-the rivet 
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head will be imperfect. If the rivet is too long the rivet set (snap) will force the metal out under 
the edge of the rivet set (snap) making a bad looking job. The rivet should be heated uniformly 
so that it will be upset for its entire length. Riveters prefer to use rivets with scant stock so that 
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the rivet can be upset and a perfect head formed with little labor. To drive a rivet properly the 
rivet should be upset by striking it squarely on the end, as side blows will upset the rivet without 
filling the hole. 
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Where compressed air is available a pneumatic field riveter is used for driving rivets. Pneu- 
matic field riveters are of two types: (a) jaw riveters that buck-up the rivet and form the head as 
in shop riveters; and (b) a pneumatic gun that is held against the rivet by the riveter, the rivet 
being bucked-up with a dolly as in hand riveting or with a pneumatic dolly. The pneumatic gun 
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is more convenient and is commonly used. A rivet snap is used in the air gun. Good rivets can 
be driven by hand, but the work of the pneumatic riveter is more uniform and most specifications 
for erection of structural steel call for its use. Several railroad bridge specifications now 
require that hand driven field rivets be calculated for only four-fifths of the allowable stresses on 
machine driven field rivets. While more rivets can be driven with an air gun than by hand, the 
added expense for air makes the cost of driving nearly the same as for hand driven rivets. 
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Dollys for bucking-up rivets aré made in many forms to suit the different conditions. 
Straight, goose-neck, bent, heel and club dollys are shown in Fig. 9, a ring dolly is shown in Fig. 
10, and a corrugated iron dolly in Fig. 11. Dollys for use in erecting elevated tanks are shown 
in Fig. 16, and include the bar dolly, the heel dolly, the combination dolly, and the spring dolly. 

DERRICKS AND TRAVELERS.—Derricks and travelers are made in-many different forms. 
A few of the more common forms will be described. 
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Gin Pole.—A gin pole, Fig. 18, is a timber or steel mast with four guys and a block at the 
top through which the hoist line leads to a crab bolted near the bottom, or the hoist line may 
run to the hoisting engine. The foot of a gin pole is supported by timbers which are shifted with 
bars or on rollers. The gin pole should not be inclined more than a few degrees from the vertical, 
and care must be used to prevent the bottom from kicking out with heavy loads. Gin poles 
may be made of timber, gas pipe, or may be built structural steel masts. Gin poles are not 
commonly made longer than 40 to 60 ft., but a trussed gin pole 120 ft. long has been used for 
erecting elevated towers. The mast of a gin pole may be built up so that only two guys are 
necessary, resulting in “ shear legs” as in Fig. 18. 

Each guy is fastened at its lower end to a ‘‘deadman” (a timber, or log, or beam buried in 
the ground). 
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Guy Derricks.—A guy derrick, Fig. 18 and Fig. 19, has a vertical mast guyed with three or 
more guy lines, and has a boom which carries blocks and a fall line on the upper end. The boom 
is raised and lowered with rigging called ‘“‘topping lines” or “boom lines.” The load is raised 
by rigging called ‘‘fall lines” or ‘‘falls."” The hoisting line may be run down the boom to a crab 
or to the hoisting engine, or the hoisting line may be run through a “rooster” placed on top of the 
mast and then to the hoisting engine. Guy derricks may be swung in a full circle, either by hand 
or by means of a bull wheel operated by a line from the hoisting engine. 

“A” Derrick.—The “A” derrick or “Jinniwink”’ derrick is shown in Fig. 18. .“‘A” derricks 
are used for light hoisting up to three to five tons. The ‘‘A”’ derrick is a simple form of the stiff- 
leg derrick. 

Stiff-Leg Derrick.—The stiff-leg derrick has a mast braced by ‘‘A”’ frames set at right angles 
to each other, Fig. 18 and Fig. 19. The loads may be lifted and the boom raised and lowered 
by means of a crab or by a hoisting engine. The stiff-leg derrick has a free swing of about 240 
degrees. The mast may be turned by hand or by means of a bull wheel operated by a line from the 
hoisting engine. Details of a 12-ton timber stiff-leg derrick are shown in Fig. 21. Stiff-leg 
derricks of large capacity are now commonly made of structural steel. Details of a steel stiff-leg 
derrick are given in Fig. 29. 
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Boom Travelers.—The mast of a derrick may be supported by the framework of a traveler, 
Fig. 18. The traveler may be made one or several stories in height. The booms may swing or 
may be fixed to raise and lower in one plane, and may be used single or in pairs. Boom travelers 
are commonly used in erecting train sheds, and structural steel buildings. Details of a steel boom 
traveler are given in Fig. 28 and Fig. 29. 

Viaduct Travelers.—An overhang traveler for erecting a high steel viaduct is shown in Fig. 20. 

Gallows Frame.—A gallows frame or a transverse bent as shown in Fig. 22, is used for erecting 
. plate or riveted girders. The gallows frame is guyed fore and aft with steel cables. Gallows 
frames are commonly used in pairs or a gallows frame is used with a stiff-leg derrick. 

Through or Gantry Travelers.—A through or gantry traveler consists of two or three trans- 
verse bents or “gallows frames” braced longitudinally and is carried on a track supported on the 
falsework and placed outside of the trusses. The traveler has a clearance such that it can be 
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TABLE XIII. 
BILL OF TIMBER IN TRAVELER, FIG. 24. 


Cross Sec- ‘Length, 


Cross Sec- 

No.| “tion, In. No.| “tion, In| Ft-In. 

5) Io X 12 Hoisting beams. 4| 4X 8 | 18-0 | Platform cut to g ft. 

4. | 12 XK 12 Longitudinal. 4| 6X 12 Sills. 

2h Bik 16 Caps. 2 8X 12 Sheave beams. 

2| 8X 8 Chord. Io] 4X 8 Longitudinals. 

4| 8X10 Legs. 4| 6X 8 Platform. 

4| 8X10 Legs. ~ 10/193 X 8 Platform plank. 

4| 6X 8 Legs batter. 1265. 10 Blocks cut to 2 ft. 

Any NGS Legs. 4| 6 X Io Side braces. 

Sul 4 oe <8 Web braces. 4| 6 X Io Side braces. 

gale 3X0 8 Web braces. Zl) 4x 76 Fillers cut to 8 ft. 

Zi |) Ree tS Web braces. 2) | ae 6 Fillers. 

Be egxee'S Web braces. Hl) 3 KS Leg brace. 

r93 xX 8 Web braces cut to 10 ft.| 2| 6 X 12 Fillers cut to 2 ft. 

2 Ne 31 58 Leg braces cut to 9 ft. 2| 8X10 Trucks cut to 8 in. X 9 in. 

Daas) 8 Leg braces cut to 10 ft. Cait, 

Zee fun 8 Leg braces cut to 6 ft. rl TG Fillers. 

7 ZN ts Leg braces platform. feos os) Chord cut to ro ft. 

Si 3) XS To. Leg splices cut to 6 ft. Dt 3X 8 Leg brace cut to 11 ft. 

Si iies< 8 Leg splices cut to 6 ft. Up e3x..8 Leg brace cut to 4 ft. 6 in. 

SE ain 6 Leg splices cut to 6 ft. Aull 2X4 Sliding beam. 
TABLE XIV. TABLE XV. 

Birt or Botts InN TRAVELER, FIG. 24. Britt oF TRONS IN TRAVELER, FIG. 24. 


Name. Dimensions. 


Zz 
9 


Diameter, In. | Length, Ft-In. 


Sheave Chocks... .|/10+ in. Block Sheave. 
Bent Bars 3m. Ce in OX 2) kta Gans 
Bent Bars Sunt eau. X39) tte 5 ns 
Bent Bars in. X 4 in. X 2 ft. o in. 
i Lie 2 kt, Orie 
3 in. X Lin. X 1 ft. Io in. 
1} in. diameter X 9 ft. 2 in. 
Traveler Wheels...| 14 in. diameter, 3 in. shaft. 
Wheel Boxes...... 
Rods............| I} in. diameter X 6 ft. 6 in. 
1} in. diameter X 3 ft. 6 in. 
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run past the completed bridge or structure. Travelers may be made of timber or structural steel. 
Outline plans for four standard timber travelers designed by the American Bridge Company are 
given in Fig. 23, while the detail plans for traveler No. 1 are given in Fig. 24. The bill of lumber 
for traveler No. 1 is given in Table XIII; the bill of bolts is given in Table XIV, and the bill of 
irons in Table XV. Traveler No. 1 may be used for single track railway spans up to 250 ft.; 
traveler No. 3 for single track spans up to 175 ft.; traveler No. 2 for double track spans up to 
175 ft.; and traveler No. 4 for double track spans up to 250 ft. 

Derrick Cars.—Derrick cars with a capacity up to 75 tons are in common use. The derrick 
cars are usually self-contained and can move under their own power. The boom can be folded 
back over the car out of the way when not in use. A sketch of a derrick car is shown in Fig. 20. 

FALSEWORK.—Falsework for the erection of bridges is built up of bents made of three or 
more posts or piles, braced transversely in the same manner as for permanent trestles. Framed 
bents are carried on mudsills, or on piles where the foundation is inadequate or where the false- 
work isin flowing water. Where piles can not be driven in running water or where there is danger 
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AMERICAN BRIDGE COMPANY. 
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DETAILS OF A TIMBER BRIDGE TRAVELER. 
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of flood, it may be necessary to use spread footings which are anchored in place. Where it is 
practicable to obtain piles of sufficient length they may be used for the full height of the falsework. 
The timber used in building falsework should be sound, strong, free from defects that will affect 
its strength or interfere with its use. Since the structure is temporary, durability is not an 
important element in selecting timber for falsework unless it is to be used several times. 

For examples of timber trestles, see Chapter VII. 

Plans of typical four-legged falsework as used by the American Bridge Company are shown 
in Fig. 25. When trains are to be carried and 2-8 in. X 16 in. stringers are used under each rail, 
bents must not be spaced over 18 ft. centers for the falsework as shown. 
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Piles.—Timber piles may be driven with a drop hammer, Fig. 26, or with a steam hammer, 
A spool roller pile driver with a drop hammer is shown in Fig. 26. The hammer is raised to the 
top of the leads by the hoisting engine; the hammer is then permitted to fall on the top of the 
pile, dragging the hoisting rope down with it. The force of the blow of the hammer depends 
upon the weight of the hammer, the height of free fall, and the resistance of the hammer in the 
leads. By catching the hammer as it descends the operator can cushion the blow so that the safe 
bearing power of a pile as calculated from the penetration may be very misleading. 

Details of a pile driver are given in Fig. 27. 
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The safe load on piles may be calculated by the Engineering News formula 


2W-h 
ae Tee (1) 


where P = safe load on the pile in tons; 
W= weight of hammer in tons; 
h = height of free fall of hammer in ft.; 
5 = average penetration of the pile for last six blows. 
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AMERICAN BRIDGE COMPANY. 
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Fic. 29. Srirr-LEG DERRICK USED ON ERECTION TRAVELER FOR ERECTION OF ARMORY, 
UNIVERSITY OF ILLINOIS. (Two of these derricks were used on front of traveler.) 
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Piles should have a penetration of not less than Io ft. in hard material and not less than 20 ft. 
in soft material. For a steam hammer unity in the denominator in (1) should be replaced by qs: 

The following specification is commonly used for piles for heavy ‘falsework. 

All piles are to be spruce, yellow pine or oak, not less than 9 in. in diameter at the point and 
not more than 14 in. in diameter at the butt. Piles are to be straight and sound, and free from 
defects affecting their strength or durability. Piles are to be driven into hard bottom until they 
do not move more than 3 in. under the blow of a hammer weighing 2,000 lb. and falling 25 ft. 

For specifications for falsework piles, see Chapter VII. 

A track pile driver is shown in Fig. 26. 

Design of Falsework.—Falsework should be designed to carry the necessary loads. Where 
the falsework is required to carry traffic it should be designed for the same allowable stresses as 
are permitted for timber trestles and bridges, Table V, Chapter VII. Where the falsework does 
not carry traffic the allowable stresses may be fifty per cent in excess of those permitted for’perma- 
nent structures. Care should be used in the design to prevent crushing of timber across the 
grain. For details of timber trestles see Chapter VII. “ 

Traveler for Erection of Armory.*—The new armory for the University of Illinois is 276 ft. 
by 420 ft. in plan, the main drill hall being covered by three-hinged arches with a span 206 ft. 
centers of end pins, a center height of 94 ft. 3 in., and are spaced 26 ft. 6 in. The arches have a 
horizontal tie of two 4 in. X 3} in. bars, and are braced together in pairs. : 

Each arch was shipped in eight segments, and the four sections for each half of the arch 
were assembled and riveted up in horizontal position on the ground close to their final positions. 
One side of the arch was then lifted into a vertical plane by a two-boom traveler, and its lower 
end was fitted into the shoe and the shoe pin driven. The truss was then lowered on this pin 
until its head rested on the ground, the arch segment being supported by guys at the sides. The 
opposite segment of the arch was then raised and adjusted in the same way. The traveler was 
then placed at the center of the arch, and the hoisting lines of the two booms were attached near 
the ends of the two half-arches, which were then raised, the lower ends rotating on the shoe pins. 
The arch was then held while the center pin was driven and the purlins were placed connecting it 
to the adjacent arch. : 

The traveler, Fig. 28, consisted of a steel tower about 40 ft. square and 33 ft. high to the 
working deck. On this deck were two 40-ft. masts with A-frames, each carrying a 90-ft. boom, so 
that the top of the boom could reach about 20 ft. above the top of the arches, the maximum 
height from the ground to the hoisting block being 125 ft. 

The traveler was supported on wood rollers on tracks of 16 X 16 in. timbers about 4o ft. 
apart. The upper part of the traveler was composed of two stiff-leg derricks of the type shown 
in Fig. 29, with one stiff-leg and one sill removed from each, the masts being stepped on the 
traveler frame and connected by bracing as shown. Each derrick had a lifting capacity of 15 tons, 
and was operated by an engine of 8 H. P., the two engines being placed on a platform on the 
lower sills of the traveler about 2 ft. from the ground. 

INSTRUCTIONS FOR THE ERECTION OF STRUCTURAL STEEL.—The McClintic- 
Marshall Construction Co, has issued the following instructions to foremen. 

In Order to Avoid Accidents, as Far as Possible, be Guided by the Following: 

1. See that Your Equipment is Sufficiently Strong.—It is your duty to see that the equip- 
ment and tools you use for each part of the work are sufficiently strong to handle the same safely. 

You should see that the derricks you use are amply strong for the loads to be lifted. The 
‘goose neck and gudgeon pin are the critical points of a derrick. If you have any doubt about 
the strength of the goose neck, provide heavy wire guys from gudgeon pin to sill at base of stiff 
legs. Don’t lift a ten ton load on a five ton derrick. The same thing applies to gin poles and 
travelers. Don't overload your equipment and don’t run any chances where life is endangered. 
Be careful not to lift any but a light load on a derrick if the length of the boom exceeds seventy 
times the least width or thickness of the boom; that is, if your boom is 12 in. X 14 in. the least 
\ Se 12 in., you should not lift a heavy load on this boom if it is more than seventy feet in 
length. 


* Engineering News, Dec. 11, 1913. ‘The structural steel was fabricated and erected and the 
traveler was designed by the Morava Construction Co., Chicago, Illinois. 
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See that travelers are well and carefully framed and erected, well braced and capable of 
withstanding the greatest wind, and shocks from heaviest loads that are to be lifted. 

See that the hooks, shackles and beckets on your blocks are amply strong, and don’t allow a 
gate block to be used without it being closed and hooked. Also see that your cables and chains, 
as well as the rings and hooks in the same, are amply strong for the loads to be lifted. 

Do not use old or worn line when there is any danger to men or material by so doing. Cut 
out the use of manila line whenever possible. When you are obliged to use it be sure it is amply 
strong. Use steel cable whenever possible, as it is safer, will last longer and is cheaper in the 
long run. Be sure that the guy cables for gin poles, derricks, etc., are of sufficient size to with- 
stand the tension to come upon them. Also that the cables are securely fastened by means of a 
sufficient number of good, strong clamps well fastened, and also that dead men or other anchorages 
are ample, and watch them when lifting heavy loads to see that guys do not cut dead men in two. 
Keep gin pole guys as near at right angles to each other as possible, when only four are used. 

You should be careful to see that the gas pipe or wooden scaffold you use is of proper size 
and strength for the span and loads. If there is any question about the strength, test the same 
by applying several times the load that will come upon it. See that plank you use for scaffolding, 
etc., is the right kind of wood, preferably white or yellow pine, free from knots and shakes and 
plenty strong, watching to see that it is thick enough for the span on which it is used. 

Do not put heavy loads on light push cars. The frame is not only liable to crush but the 
shafts, boxes or wheels may bend or break, upsetting the load and injuring the men. 

2. See That Your Equipment is in Order.—In setting up your derricks see that they are 
plumb, proper!v guyed and that the splices are brought into contact and bolted with tight-fitting 
bolts. See that the goose-necks fit gudgeon pin closely and are not cracked or bent and that the 
top of stiff-leg is tied down from the goose-neck to the sill to prevent lifting tendency. If the 
timbers in the mast, boom, stiff-legs or sills are rotten, knotty or wind shaken, do not use them. 
See that your gudgeon pin and pintle casting are well fastened to the mast, and if the mast is of 
wood that the wood is not rotten or worn at these points. 

You should see that all leads are as straight and direct as possible, as failure to provide good 
leads reduces the efficiency of your power and equipment, as well as producing heavy wear on the 
lines and is a frequent cause of accidents. Particular care should be exercised in securing good 
leads for wire cable on account of liability of breaking the individual wire strands by sharp bends 
or indirect leads. A broken individual wire is liable to lie across and cut the other wires of the 
cable. When you use a wooden traveler see that the timbers are all in good condition and that 
it is erected plumb and square and the joints are properly and securely bolted. More accidents 
occur from the use of wooden derricks and wooden travelers than from any other cause, and for this 
reason extreme care should be exercised to see that they are in good condition before using them. 
When a traveler is used, see that it is properly erected and thoroughly bolted and all sway and 
bracing rods tightened. 

Do not use an iron gin pole if the sections are bent or dented seriously, or the splices do not 
clamp the pole tightly and securely. Do not use a wooden gin pole unless the timber is in good 
condition, well spliced with good long splices securely bolted. 

See that your hoisting engine is in good order; that the shafts are not bent, the dogs, clutches 
and brakes, including the friction, are in good condition and working order. The lever con- 
trolling the winch heads should be straight and when thrown in should engage the ratchet fully. 
See that winch head cannot slip off shaft. See that the boilers are cleaned frequently and kept in 
good condition. 

You should be particular to see that gas pipe scaffolding is not rusted on the inside and that 
it is fastened so that it cannot roll or turn. Do not use any plank or timber for scaffolding that 
is knotty, rotten or weather cracked, and allow no man to work on scaffold plank laid loose on 
ei supports. The plank should be fixed so that they cannot move or slide endwise, by using drop 

olts. 

All cables should be in good condition and kept oiled or greased so that they will not rust; 
if they are not in good condition, do not use them. All guy cables should be securely fastened 
by means of a sufficient number of good clamps. 

See that your chains and the rings and hooks in the same are not worn, cracked or bent 
out of shape and that they are annealed at least once every three months in an annealing furnace, 
if you are near one, or otherwise anneal them yourself by laying them down in a straight line and 
puilding a good sized wood fire over them, heating slowly to a cherry red, then cover over thor- 
oughly with ashes and heated dry dirt leaving them to cool slowly in the ashes and dirt, In laying 
the chains down in a straight line do not lay one chain on top of another. Be particular to see 
that the covering is ample so that air or moisture cannot cool the chains quickly or partially. 
This annealing should be done on Saturday and chains not disturbed until Monday. Chains 
used frequently every day should be annealed once a month. 

See that your blocks are in good order and that the beckets, shackles and hooks are not 
bent, cracked or out of shape, and that faces of blocks are in good condition, also that the sheaves 
are not cracked or the flanges broken. 
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See that all button sets (rivet sets) are fastened to the air hammers. 

3. See that Your Equipment and Tools are Properly Used.—In using a locomotive crane be 
sure that your track is properly ballasted and level and the rails well spiked down. Do not lift a 
load sideways when the locomotive crane is standing on a curve, without using extra care. Use your 
outriggers and rail clamps when lifting a heavy load. 

The loads that a locomotive crane is capable of handling safely for each radius are plainly 
marked on the crane; don’t attempt to lift heavier loads with the crane. 

See that the booms of locomotive cranes, derrick cars or derricks, are in first class condition. 
If the boom (or flanges of the boom) has been injured or bent, don’t use it, but replace the broken 
or bent part with new material. Don’t attempt to straighten it, as the material in all probability 
has been injured, and will break or collapse sooner or later. 

A locomotive crane is a useful, but dangerous piece of equipment, for this reason the greatest 
possible care should be exercised in handling the same. Don’t allow any man on the car or crane 
cab, except the craneman, and keep workmen from under the boom. Don’t attempt to shift track with 
your crane standing on the same track, and don’t attempt to lift a maximum load with the boom 
horizontal. 

You must be especially careful in swinging boom sidewise or lifting loads sidewise with a 
derrick car as your car will upset unless you use outriggers or guys. Don’t run chances, but lift 
the load straight ahead wherever possible. See that the boom on the derrick car is tightly guyed 
at all times with wire rope running from end of boom to sides of car. Never use manila line for 
this purpose, as it will stretch and your boom will get away from you, upsetting the car. Use 
additional guys to end of boom when setting heavy loads. 

In carrying loads with a locomotive crane or derrick car on a curve, be sure that the track is 
level and the outer rail not elevated as is customary with railroad track. 

Be very careful in using a wooden boom extension or outriggers, that you do not lift too 
heavy loads. The increased length of the boom and the weight of extension reduce the lifting 
capacity considerably. Whenever possible, avoid the attachment of guy lines to railroad tracks, 
as numerous accidents have occurred by car running into the guys. 

Hook onto sheets or bundles of small material so that they cannot slip out. 

Don’t allow men to carry glazed window sash on their shoulders when the wind is blowing. 

See that gate blocks are securely fastened and that men do not stand in the ‘‘bite’’ of a line. 

Do not use a light gate block when lifting heavy loads. 

Lines should be run around two winch heads when making a heavy lift. 

When you use a derrick keep the boom elevated above a horizontal line as far as possible, as gen- 
erally the worst stress comes on the boom and mast as well as stiff-legs or guy lines when boom ts im a 
horizontal position. A maximum load for the derrick should never be lifted with the boom in a hort- 
zontal position. 

When you use a gin pole see that the splices are well bolted and the pole is properly guyed. 
Do not lean the pole too much when lifting a load or moving the pole and see that the foot of the 
pole cannot move or slip except when you desire to move it. 

A number of accidents have occurred through the improper loading of push cars. See that 

’ the load is properly placed so that it cannot roll or tumble over, especially going around a curve. 
Do not allow your men to push on the side of the car with a top heavy load. They should push 
or pull from the ends of the piece. 

~ When you lift a beam or girder use scissor dogs or cast steel girder hooks wherever possible, 
and if you are obliged to use either ordinary dogs or chains see that wooden blocks are used be- 
tween the chain or dog and the flange to prevent the girder from slipping. 

Avoid the use of chains except for lifting light loads. Where you have heavy loads to lift 
use cable slings, being careful to avoid sharp bends by using rounded wooden blocks between 
cable and load. Don’t put too many parts of lashing into a hook as by doing so you are liable to 
open up the hook. See that exposed parts of dangerous machinery are properly covered. 

4. Be Orderly, Careful.—See that your work is carried on in an orderly, careful manner. 

See that material is unloaded and piled in an orderly, careful way so that it cannot fall, turn 
or be blown over. 

Unless necessary, do no hoist any material to a structure until you are ready to put it into 
position and properly fasten it. In cases where you do hoist material to the structure before 
putting it in its final position, see that it is piled in an orderly way so that it cannot turn or roll 
over when a man steps on it. 

Don't let tools or equipment such as bolts, nuts, drift pins, blocks, dolly bars, etc., lie around 
so that they can be knocked off the work or so that any one can fall over them. Keep every- 
thing orderly and in ship-shape and allow nothing to lie around. 

5. Be Vigilant.—You must use vigilance and be on the job practically all the time to see 
that your men are carrying out your instructions; that tools and equipment are in fit condition 
for the work and that they are handling the work carefully and intelligently. 

Be careful and insist on the men under you being careful, and do not allow any one who is 
reckless and careless to work for you. 


Bo. 
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Whenever any question as to the safety of equipment or tools or the work which you are 
erecting is brought to your attention by any of the men under you or others, investigate the 
same and satisfy yourself of the safety of the same before proceeding further. If you are satisfied 
the work, equipment or tools are not safe, put them in a safe condition immediately. 


6. See that Proper Instruction is Given Employees.—Call attention of men to any dangerous” 


conditions on the job so that they can be on the lookout. Your faithful attention to this matter 
is to the interest of employee and employer alike. 

7. Unfit Condition—yYou must see that every employe under you is in proper physical con- 
dition. They should be strong, temperate, clear-headed, with good eyesight, good hearing, and 
‘not lame or crippled. 

Do not allow any man to go to work who has been drinking or drinks during working hours 
or who is sick or in unfit condition. A man’s mind is not clear who is at all under the influence 
of liquor and thus endangers his own and fellow workmen’s lives. Don’t employ ignorant persons. 

Don’t employ any one under eighteen years of age and preferably no one under twenty-one. 
Those employed between the ages of eighteen and twenty-one should be strong, sober, healthy 
boys who desire to learn the business. You must secure a written permit from the parents of 
all boys under twenty-one years of age, authorizing you to employ them. Forms for this purpose 
will be sent you. The character of this business is such that a workman should be strong and 
sound in body, temperate in habits, clear and alert in mind, to avoid accidents. 

8. Use Judgment.—You must use judgment in assigning men to do certain work and see that 
they are capable and experienced in the work to be done. 

Signal men should be capable, experienced bridgemen, and should stand in a position where 
they can be seen by the men at the hoisting engine and those connecting the work. Signals 
should be clearly understood. Use none but good, careful, experienced locomotive cranemen, 
derrick car men, and men on winch heads. 

Don’t resort to expediency by allowing an inexperienced man to do"the work where experience 
counts. Educate the men up to their work. Don’t throw too much on inexperienced men all 
at once. You should see that the pusher and men use proper tools to do the work and handle 
same properly. Don’t allow your men to work on crane runway when cranes are in motion. 
Don’t allow men to work on scaffold that you would not work on yourself. Where there are 
heavy pieces to be lifted see if the weight is marked on the piece; if not, get the weight from 
the invoice and mark it on, calling pusher’s attention to it. 

9. Do Not Allow Men to Work in Perilous Places.—You must see that your men are not 
exposed to extremely hazardous conditions and that they are not allowed to work in extremely 
dangerous places. 

Do not allow your men to work under loads and in places where there is imminent danger. 

Be careful not to allow men to work on the roofs of buildings when there is frost, ice or snow 
on the same, without taking extreme precautions. The same applies to other steel structures. 

10. See That Workmen Obey Following Rules. “4 

a. Don’t Be Reckless.—More accidents occur through recklessness than any other cause. 
Don’t walk on rods. Don’t ride a load. Don’t ride on a locomotive crane. 

b. Don’t Be Careless.—Look where you step and be sure that on what you step is safe and 
secure. Don’t step on ends of loose plank. Don’t start to slide down a line unless you are sure 
the ends are fastened. 

c. Be Orderly.—Do whatever you do in an orderly, careful manner. Pile material so that 
it cannot roll, fall, tumble, or be blown over. Don’t let tools or equipment such as bolts, nuts, 
drift pins, blocks, dolly bars, etc., lie around so that they can be knocked off the work or so that 
any one can fall over them. 

d. Unfit Condition.—Don’t go to work if you have been drinking or do not feel well. If you 
are lame or have any defect in hearing or eyesight you should not work at this business as by so 
doing you endanger your own and fellow workmen’s lives. If you are inexperienced in, or un- 
suited for the work to be done, don’t undertake it. 

e. Be Vigilant——Watch what you are doing. Don’t stand or work under a load. Don’t 
go in the “bite” of a line nor stand in front of a snatch block. Don’t work on or about a crane 
runway when the crane is in use unless there is a stop between you and the crane. 

f. Don’t Use Unfit Tools.—Be sure the tools and equipment you use are in good working 
order. If they are not, don’t use them. Don’t work with men who don’t observe these rules. 
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SPECIFICATIONS FOR THE ERECTION OF RAILWAY BRIDGES.* 
AMERICAN RAILWAY ENGINEERING ASSOCIATION. 


1. Work to be Done.—The Contractor shall erect, rivet and adjust all metal work in place 
complete, and perform all other work hereinafter specified. : 

2. Plant.—The Contractor shall provide all tools, machinery and appliances necessary for 
the expeditious handling of the work, including drift pins and fitting up bolts. 

3. Falsework.—The method of erection and plans for falsework and erection equipment 
shall be subject to approval by the Engineer, but such approval shall not relieve the Contractor 
from any responsibility. Falsework will be built by f..........eeeeeee eee eens Falsework 
material of every character will be provided by the f............020eeeeeeeee ; 4 

The temporary structure for use during erection and for maintaining the traffic shall be 
properly designed and substantially constructed for the loads which will come upon it. All bents 
shall be thoroughly secured against movement, both transversely and longitudinally. The bents 
shall be well secured against settling, and piles used wherever firm bottom cannot be obtained. 
Upon completion of the erection, the temporary structure, if the property of the Railway Company, 
shall be removed without unnecessary damage and neatly piled near the site or loaded on cars, 
as may be directed. If the property of the Contractor, it shall be removed in a manner subject ~ 
to the approval of the Engineer. 

Falsework placed by the Railway Company under an old structure or for carrying traffic, 
may be used as far as practicable by the Contractor during erection, but it shall not be unneces- 
sarily cut or wasted. 

4. Conduct of Work.—The work shall be prosecuted with sufficient force, plant and equip- 
ment to expedite its completion to the utmost extent and in such a manner as to be at all times 
subordinate to the use of the tracks by the Railway Company, and so as not to interfere with the 
work of other contractors, or to close or obstruct any thoroughfare by land or water, except 
under proper authority. 

Reasonable reduction of speed will be allowed upon request of the Contractor. 

Tracks shall not be cut nor shall trains be subjected to any stoppage except when specifically 
authorized by the Engineer. 

The Contractor shall protect traffic and his work by flagman furnished by and at the expense 
of the Railway Company. The Contractor shall provide competent watchmen to guard the work 
and material against injury. 

5. Engine Service.—if under the contract, work train or engine service is furnished the 
Contractor free of charge, such service shall consist only in unloading materials and in trans- 
ferring the same from a convenient siding to the bridge site. Other engine service shall be paid 
for by the Contractor at the rate of $...... per day per engine, the time to include the time 
necessary for the engine to come from and return to its terminal. When engine service is desired 
the Contractor shall give the proper railway officials at least 24 hours’ advance notice and the 
Railway Company will furnish the service as promptly as possible, consistent with railroad 
operations. 

When derrick cars are used on main tracks, their movements shall be in charge of a train 
crew, and the expense of the crew and any engine service other than as noted above shall be 
charged to the Contractor. 

‘ 6. Transportation.—When transportation of equipment, materials and men is furnished 
free over the Railway Company’s line, it shall be subject to such conditions as may be stated 
in the contract. 

7. Masotry.—The Railway Company will furnish all masonry to correct lines and elevations, 
and unless otherwise stated in the contract, will make all changes in old masonry without un- 
necessarily impeding the operations of the Contractor. The Railway Company’s engineers will 
establish lines and elevations and assume responsibility therefor, but the Contractor shall com- 
pare the elevations, distances, etc., shown on plans, with the masonry as actually constructed as 
far as practicable, before he assembles the steel. In case of discrepancy, he shall immediately 
notify the Engineer. 

8. Handling and Storing of Materials.—Cars containing materials or plant shall be promptly 
unloaded upon delivery therefor, and in case of failure to do so the Contractor shall be liable for 
demurrage charges. Material shall be placed on skids above the ground, laid so as not to hold 
water, and stored and handled in such a manner as not to be injured or to interfere with railroad 
operations. The expense of repairing or replacing material damaged by rough handling shall be 
charged to the Contractor. The Contractor, while unloading and storing material, shall compare 
each piece with the shipping list and promptly report any shortage or injury discovered. : 


* Adopted, Am. Ry. Eng. Assoc., Vol. 13, 1912, pp. 83-87, 935-945- 
+ Insert ‘‘ Railway Company” or “Contractor,”’ as the case may be. 
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9. Maintenance of Traffic.—When traffic is to be maintained it will be carried on in such a 
manner as to interfere as little as practicable with the work of the Contractor. 

Changes in the supporting structure or tracks required during erection shall be at all times 
under the direct control and supervision of the Railway Company. 

10. Removal of Old Structure.—Unless otherwise specified, metal work in the old structure 
shall be dismantled without unnecessary damage and loaded on cars or neatly piled at'a site 
immediately adjacent to the tracks, and at a convenient grade for future handling, as may be 
directed. When the structure is to be used elsewhere all parts will be matchmarked by the 
Railway Company; when the old bridge is composed of several spans the parts of each shall be kept 
separate. 

11. Metal Work.—Material shall be handled without damage. Threads of all pins shall be 
protected by pilot and driving nuts while being driven in place. 

Light drifting will be permitted in order to draw the parts together, but drifting for the 
purpose of matching unfair holes will not be permitted. Unfair holes shall be reamed or drilled. 

Nuts on pins and on bolts remaining in the structure shall be effectively locked by checking 
the threads. 

All splices and field connections shall be securely bolted prior to riveting. When the parts 
are required to carry traffic, important connections, such as attachments of stringers and floor- 
beams, shall have at least fifty (50) per cent of the holes filled with bolts and twenty-five (25) per 
cent with drift pins. All tension splices shall be riveted up complete before blocking is removed. 
When not carrying traffic, at least thirty-three and one-third (334) per cent of the holes shall have 
bolts. 

Rivets in splices of compression members shall not be driven until the members shall have 
been subjected to full dead load stresses. Rivets shall be driven tight. No recupping or caulking 
will be permitted. The heads shall be full and uniform in size and free from fins, concentric 
and in full contact with the metal. Heads shall be painted immediately after acceptance. 

Rivets shall be uniformly and thoroughly heated and no burnt rivets shall be driven. All 
defective rivets shall be promptly cut out and redriven. In removing rivets the surrounding 
metal shall not be injured; if necessary, the rivets shall be drilled out. 

12. Misfits.—Correction of minor misfits and a reasonable amount of reaming shall be con- 
sidered as a legitimate part of the erection. 

Any error in shop work which prevents the proper assembling and fitting up of parts by the 
moderate use of drift pins, and a moderate amount of reaming and slight chipping or cutting, 
shall be immediately reported to the Engineer and the work of correction done in the presence of 
the Engineer, who shall check the time expended. The Contractor shall render an itemized bill 
for such work of correction for the approval of the Engineer. j 

13. Anchor Bolts.—Holes for all anchor bolts, except where bolts are built up with the 
masonry, shall be drilled by the Contractor after the metal is in place and the bolts shall be set 
in Portland cement grout. “ 

14. Bed Plates.—Bed plates resting on masonry shall be set level and have a full even bearing 
over their entire surface; this shall be attained by either the use of Portland cement grout or 
mortar, or by tightly ramming in rust cement under the bed plates after blocking them accurately 
in position. 

2 FS) Decks:— Phe... oy paid sobsins seer will frame and place the permanent timber deck. 

16. Painting.—The paint will be furnished by *................2+.----- and shall be of 
such color, quality and manufacture as may be specified. 

Surfaces inaccessible after erection, such as bottoms of base plates, tops of stringers, etc., 
shall receive two coats of paint, allowing enough time between coats for the first coat to dry before 
applying the second. No paint shall be applied in wet or freezing weather, nor when the surface 
of the metal is damp. Painting shall be done in good and workmanlike manner, subject to strict 
inspection during progress and after completion, and in accordance with special instructions 
which shall be given by the Engineer. All metal shall be thoroughly cleaned of dirt, rust, loose 
scale, etc., before the paint is applied. 

17. Clearing the Site—Tne Contractor, after completion of the work of erection, shall 
ee all old material and debris resulting from his operations and place the premises in a neat 
condition. 

18. Superintendence and Workmen.—During the entire progress of the work the Contractor 
shall have a competent superintendent in personal charge and shall employ only skilled and 
competent workmen. Instructions given by the Engineet to the Superintendent shall be carried 
out the same as if given to the Contractor. If any of the Contractor’s employes by unseemly 
or boisterous conduct, or by incompetency or dishonesty, show unfitness for employment on the 
work, they shall, upon instructions from the Engineer, be discharged from the work, nor there- 
after be employed upon it without the Engineer’s consent. 


* Insert “Railway Company” or “Contractor,” as the case may be. 
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19. Inspection.—The work of erection shall at all times be subject to the inspection and 
acceptance of the Engineer. 

20. Engineer.—The term ‘Engineer,’ as used herein, shall be understood to mean the 
Chief Engineer of the Railway Company, or his accredited representative. 


INSTRUCTIONS FOR THE INSPECTION OF BRIDGE ERECTION.* 


(z) Study and observe the plans and specifications for steel construction. Study the masonry 
plans and check the masonry as built with the steel plans. 

(2) Familiarize yourself with the local conditions affecting erection. 

Make the acquaintance of the principal men engaged upon the work and of local residents 
whose interests may be affected thereby. 

(3) Obtain and study carefully the time table and be well posted concerning the time when 
regular and extra trains are due and their relative importance. Acquaint yourself with all special 
traffic arrangements, made because of the work in hand. 

(4) Secure full information concerning the conditions of the work in the bridge shop and the 
probable dates of shipment. 

(5) Obtain reports of any uncompleted or erroneous work that must be attended to after 
arrival of the material in the field. 5, 

(6) Study the erection program in order to avoid delays and be able to recommend some 
other procedure in an emergency. 

(7) Endeavor to have full preparations made before disturbing the track so that the erection 
may proceed rapidly and the period of such disturbance be made a minimum. 

(8) Keep a record of the arrival of all materials. The contractor’s record should be sufficient 
if available. Strive to anticipate any shortage of material and use all available facilities to hasten 
delivery of the needed parts. 

(9) Study the progress of the work and determine whether it is likely to be completed in the 
time allotted. If not, endeavor to secure such additions to the force and equipment as will insure 
such completion. 

(10) Make a daily record of the force employed and the distribution of labor, in a way that 
will assist in following clauses 9 and 23. 

(11) Exercise a constant supervision of any temporary structure or falsework and make 
soundings if necessary with the purpose of discovering any evidence of failure or lack of safety 
and having it corrected before damage is done. Examine erection equipment with a view to its 
safety and adequacy. : 

(12) Be constantly on hand when work is in progress and note any damage to the metal, 
failure to conform to'the specification or any especial difficulty in assembling. 

(13) Make sure that each member of the structure is placed in its proper position. If match 

_marks are used, examine them with care. 

Endeavor to have the several members assembled in such order that no unsatisfactory make- 
shifts need be resorted to in getting some minor member in place. 

(14) Prevent any abuse or rough usage of the material. Bending, straining and heavy pound- 
ing with sledges are included in such abuse. : 

(15) Watch carefully the use of fillers, washers and threaded members to see that they are 
neither omitted nor misused. ‘ 

(x6) Make certain that all parts of the structure are properly aligned and that the required 
camber exists) before riveting. It is possible for a structure to be badly distorted although the 
rivet holes are well filled with the bolts. 

(17) Watch the heating of rivets to insure against overheating and to make sure that scale 
is removed. 

ee and test carefully all field-driven rivets and have any that are loose or imperfect 
replaced. > 

Have cut out and replaced all rivets, whether shop-driven or field-driven, that may be loosened 
during erection and riveting. 

Prevent injury to metal while removing rivets. : . 

(18) Present to the contractor at once for his attention any violation of the specifications 
or contract, and secure a correction or refer the matter to the proper authorities as soon as possible. 
_ (19) Keep informed concerning the use of Company material and work trains and assist 
in procuring such material and trains when needed, and preserve a record thereof. 

(20) Secure a match-marking diagram of any old structure to be removed and see that each 
part of such structure is properly marked in accordance therewith. Make a record of the manner 
of cutting the old structure apart and report any damage to the members of the old structure. 


* Am. Ry. Eng. Assoc., Vol. 14, p. 90. 
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Indicate by sketches or otherwise such repairs or replacement as will be found necessary in re- - 
erection. 

(21) Secure photographic records of progress and the important features of the work where- 
ever practicable. 

(22) Make a record of flagging of trains, whether performed for the benefit of the Contractor 
or otherwise, delays to trains, personal injuries, and accidents of every kind. 

(23) Make reports as directed, showing the progress of the work, the size of the force and 
the equipment in use. 

Make a final report showing the cost of labor of erection per ton of material erected, the 
cost of labor per rivet in riveting, the cost of correcting errors in design and fabrication and com- 
menting on the design and details; and give such other information as may be useful in planning 
similar work. 


CHAPTER XV. 


ENGINEERING MATERIALS. 


TRON AND STEEL.—The following definitions were adopted by the Committee on the 
Uniform Nomenclature of Iron and Steel of the International Association for Testing Materials, 
September, 1906. ; 

Cast Iron.—Iron containing so much carbon or its equivalent that it is not malleable at any 
temperature. The committee recommends drawing the line between cast iron and steel at 2.20 
per cent carbon. 

Pig Iron.—Cast iron which has been cast into pigs direct from the blast furnace. 

Bessemer Pig Iron.—Iron which contains so little phosphorus and sulphur that it can be used 
for conversion into steel by the original or acid Bessemer process (restricted to pig iron containing 
not more than 0.10 per cent of phosphorus). 

Basic Pig Iron.—Pig iron containing so little silicon and sulphur that it is suited for easy 
conversion into steel by the basic open-hearth process (restricted to pig iron containing not more 
than 1.00 per cent of silicon). 

Gray Pig Iron and Gray Cast Iron.—Pig iron and cast iron in the fracture of which the iron 
itself is nearly or quite concealed by graphite, so that the fracture has the gray color of graphite. 

White Pig Iron and White Cast Iron.—Pig iron and cast iron in the fracture of which little 
or no graphite is visible, so that the fracture is silvery and white. 

Malleable Castings.—Castings made from iron which when first made is in the condition of 
cast iron, and is made malleable by subsequent treatment without fusion. 

Malleable Pig Iron.—An American trade name for the pig iron suitable for, converting into 
malleable castings through the process of melting, treating when molten, casting in a brittle state, 
and then making malleable without remelting. 

; a aguant Iron.—Slag-bearing, malleable iron, which does not harden materially when suddenly 
cooled. 

Steel—lIron which is malleable at least in some one range of temperature and in addition is 
either (a) cast into an initially malleable mass; or, (b) is capable of hardening greatly by sudden 
cooling; or, (c) is both so cast and so capable of hardening. 

Open-hearth Steel.—Steel made by the open-hearth process, irrespective of carbon content. 

Bessemer Steel.—Steel made by the Bessemer process, irrespective of carbon content. 

Blister Steel—Steel made by carburizing wrought iron by heating it in contact with car- 
bonaceous matter. 

Crucible Steel.—Steel made by the crucible process, irrespective of carbon content. 

Steel Castings——Unforged and unrolled castings made of Bessemer, open-hearth, crucible 
or any other steel. 

Alloy Steels.—Steels which owe their properties chiefly to the presence of an element other 
than carbon. 

Classification of Iron and Steel—The limits of carbon, the specific gravity and properties 


of iron and steel are as follows: 


Per cent of Carbon. Specific Gravity. Properties. 
Cast Iron. 5 to1.50 ee Not malleable, not temperable 
Steel 1.50 to 0.10 7.8 Malleable and temperable 
Wrought Iron 0.30 to 0.05 7.7 Malleable, not temperable 


It will be seen that the percentage of carbon alone is not sufficient to distinguish between steel 
and wrought iron. The softer grades of steel resemble wrought iron. Very mild open-hearth 
steel is often sold under the trade name of “ Ingot Iron,” and is reputed to have many advantages 
over structural steel, most of which properties it does not possess among which is the ability to resist 
corrosion. 
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CAST IRON.—The product of the blast furnace, where the iron ore is reduced in the presence 
of a flux, is called pig iron. The term cast iron is commonly applied to pig iron after it has been 
again melted and cast into finished form. Cast iron contains carbon, silicon, sulphur, phosphorus, 
and manganese in addition to pure iron, and occasionally very small quantities of other elements. 
The amount of carbon depends largely upon the presence of other elements. , 

Carbon.—The percentage of carbon ordinarily varies between 13 and 4 per cent, but in the 
presence of manganese the carbon may be much higher. Carbon may occur in the form of com- 
bined carbon, giving a white brittle cast iron, or in the form of graphite, giving a gray cast iron, 
which is the form used in structural castings. The proper amount of carbon in cast iron depends 
upon the amount of other impurities and upon the use that is to be made of the finished product. 

Silicon.—The carbon is controlled by varying the amount of silicon and sulphur. Silicon 
acts as a precipitant of carbon, changing it from the combined form to the graphite form. The 
silicon in gray cast iron is usually between $ and 3 per cent. 

Sulphur.—Sulphur has the opposite effect of silicon and its presence is considered objection- 
able. Sulphur produces “‘ red-shortness ’’ (brittleness when the iron is heated). The amount of 
sulphur in gray-iron castings should not exceed 0.12 per cent. 

Manganese.—Manganese and sulphur both tend to increase the amount of combined carbon, 
but they tend to neutralize each other. Manganese gives closeness of grain and prevents the 
oo of sulphur on remelting. The amount of manganese in gray-iron castings is usually 
less than 4 per cent; more than 2 per cent makes cast iron brittle. 

Phosphorus.—Phosphorus increases the fusibility and fluidity of cast iron but at the same 
time makes it brittle. A high phosphorus content is necessary in cast iron for light ornamental 
castings where strength is not required. The phosphorus in gray-iron castings varies from 3 to 
1% per cent. 

Malleable Castings——Small thin castings made of white cast iron may be dbcachoaee by 
heating the castings in annealing pots containing hematite ore or forge iron scale. The castings 
are kept at a cherry red heat for three to four days, and are then allowed to cool slowly. The metal 
in malleable castings should not exceed } in. in thickness in small epeunee, nor 4 in. in large 
castings, and should be of uniform thickness. = 

Strength of Cast Iron.—The strengths of gray-iron castings are given in Table I and in the 
Specifications for Gray-iron Castings of the American Society for Testing Materials. , 


STANDARD SPECIFICATIONS FOR GRAY-IRON CASTINGS 
OF THE 
AMERICAN SOCIETY FOR TESTING MATERIALS. 


ApoPpTED SEPTEMBER I, 1905. 


1. Process of Manufacture. Unless furnace iron is specified, all gray castings are understood 
to be made by the cupola process. 
2. Chemical Properties. The sulphur contents to be as follows: 


Light castings. 62.0060 sscics eee eee ee ress vecmtes ee not over 0. 08 per, cent 
Meditim castings... 2. cee. 00s aisle cn eiasilewienine yes 0.10 
Heavy ;CAaSting's saqens «cccttlauearaiaia: ss glerssio Panic anes alrite wy On2) VS 


3. Classification. In dividing castings into light, medium and heavy classes, the following 
standards have been adopted: 

Castings having any section less than in. thick shall be known as light castings. 

Castings in which no section is less than 2 in. thick shall be known as heavy castings. 

Medium castings are those not included in the above classification. 

4 Physical Properties. Transverse Test. The minimum breaking strength of the “ Arbi- 
tration Bar ’’ under transverse load shall be not under: 


MEAS CASEIM BS. 5 ace cis p.due.0 0h files SPIO cet or bp top DE eee teen eRe 2,500 lb. 
Medium castings... Fo% Wy we « tes aiFiviine be ac eres neemiagtieiatetetele els atskaners 2,900 “ 
Heavy Castings. <.2°s...2. See gine coltiets Uae Phe seen erates ters tere oak 3120050 


In no case shall the deflection be under 0.10 in. 
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Tensile Test. Where specified, this shall not run less than: 


Mrigiit casting semtar mutamee strates arcichore: gate ee ois v,ecere sal 18,000 lb. per sq. in. 
Meditim ‘castings; Merce ar eehles ae ks eee hte ee esto oles Sr000)) 2 ae Os 
PICA VVACASULU SSH ct, e¥eretsseerepeils.clct = ols talsietovel alagors/s.a0e «j2Sehocs 24,000%sulE ure 


5. Arbitration Bar. The quality of the iron going into castings under specification shall be 
determined by means of the ‘ Arbitration Bar.” This is a bar 1} in. in diameter and 15 in. long. 
It shall be prepared as stated further on and tested transversely. The tensile test is not recom- 
mended, but in case it is called for, the bar as shown in Fig. 1, and turned up from any of the broken 
ae of the transverse test shall be used. The expense of the tensile test shall fall on the pur- 
chaser. 

6. Number of Test Bars. Two sets of two bars shall be cast from each heat, one set from the 

- first and the other set from the last iron going into the castings. Where the heat exceeds twenty 
tons, an additional set of two bars shall be cast for each twenty tons or fraction thereof above this 
amount. In case of a change of mixture during the heat, one set of two bars shall also be cast 
for every mixture other than the regular one. Each set of two bars is to go into a single mold. 
The bars shall not be rumbled or otherwise treated, being simply brushed off before testing. 
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Fic. 1.—ARBITRATION Test BAR. TENSILE TEST PIECE. 


7. Method of Testing. The transverse test shall be made on all the bars cast, with supports 
12 in. apart, load applied at the middle, and the deflection at rupture noted. One bar of every 
two of each set made must fulfil the requirements to permit acceptance of the castings represented. 

8. Mold for Test Bar. The mold for the bars is shown in Fig. 2. The bottom of the bar is 
7s in. smaller in diameter than the top, to allow for draft and for the strain of pouring. The 
pattern shall not be rapped before withdrawing. The flask is to be rammed up with green molding 
sand, a little damper than usual, well mixed and put through a No. 8 sieve, with a mixture of one ~ 
to twelve bituminous facing. The mold shall be rammed evenly and fairly hard, thoroughly dried 
and not cast until it is cold. The test bar shall not be removed from the mold until cold enough 
to be handled. 

9. Speed of Testing. The rate of application of the load shall be from 20 to 40 seconds for a 
deflection of 0.10 in. 

10, Samples for Analysis. Borings from the broken pieces of the ‘‘ Arbitration Bar ”’ shall 
be used for the sulphur determinations. One determination for each mold made shall be 
required. In case of dispute, the standards of the American Foundrymen’s Association shall be 
used for comparison. 

11. Finish. Castings shall be true to pattern, free from cracks, flaws and excessive shrinkage. 
In other respects they shall conform to whatever points may be specially agreed upon. 

12. Inspection. The inspector ‘shall have reasonable facilities afforded him by the manu- 
facturer to satisfy him that the finished material is furnished in accordance with these specifications. 
All tests and-inspections shall, as far as possible, be made at the place of manufacture prior to 


shipment. 


WROUGHT IRON.—Wrought iron is made in a reverberatory furnace from pig iron or from 
molten metal taken directly from the blast furnace. The hearth of the reverberatory furnace is 
fettled with high grade iron ore or mill scale, which acts as an oxidizing agent for reducing the 
impurities. The puddling process may be divided into four stages: First or melting down stage, 
occupying about 30 minutes, during which the silicon and manganese are oxidized and a consider- 
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able part of the phosphorus is oxidized; all oxidized products unite with the slag. Second or 
clearing stage, occupying about 10 minutes, during which the remainder of the silicon and manga- 
nese, and more of the phosphorus are oxidized and removed from the pig iron. Third or boiling 
stage, occupying about 30 minutes, in which nearly all the carbon is removed and most of the 
remaining phosphorus is removed. Last or balling stage, occupying about 20 minutes, in which 
the metal is gathered by the puddler into balls weighing about 75 to 100 lb. 
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Fic. 2.—Mo.p For ARBITRATION TEST BAR. 


The puddled balls of iron and slag are hammered or are run through rolls to squeeze the slag 
from the balls, and the resulting bars are called muck bars. The muck bar is again reheated and 
rerolled and the resulting product is commercial merchant bar. 

Wrought iron when broken in tension shows a fractured section irregular and fibrous. The 
strength of wrought iron varies with the chemical composition, the mechanical work and heat 
treatment it has received. The strength of wrought iron is given in Table I, and the specifications 
for wrought-iron bars and plates as adopted by the American Society for Testing Materials are 
as follows: 


STANDARD SPECIFICATIONS FOR REFINED WROUGHT-IRON BARS 
OF THE 
AMERICAN SOCIETY FOR TESTING MATERIALS. 
x ADOPTED AUGUST 25, I913. 


I. MANUFACTURE. 


1. Process. Refined wrought-iron bars shall be made wholly from puddled iron, and may 
consist either of new muck-bar iron or a mixture of muck-bar iron and scrap, but shall be free 
from any admixture of steel. 


II. PHYSICAL PROPERTIES AND TESTS. 


2. Tension Tests. (a) The iron shall conform to the following minimum requirements as 
to tensile properties: 


mensilerstrength y [sper SQLite els oils ls yoz0.0s era (e aie as aide apse ile e wave ees 48,000 
(See Sections 3 and 4.) 

WWirelaepommte Ib), MEI SC bile Peneyoisia AR eaes2uF aisue shanegce Maittovariajoiet oc RFs 25,000 

Mon gagon til Srimssrper COM t rere ore se aersieserataie lsd) sianel oeeys el dais mele ayes ie ane ae 22 


(See Section 5.) 


(b) The yield point shall be determined by the drop of the beam of the testing machine. 
The speed of the cross-head of the machine shall not exceed 1} in. per minute. 

3. Permissible Variations in Tensile Strength. Twenty per cent of the test specimens re- 
presenting one size may show tensile strengths 1000 lb. per sq. in. under or 5000 Ib. per sq. in. over 
that specified in Section 2; but no specimen shall show a tensile strength under 45,000 lb. per sq. in. 

4. Modifications in Tensile Strength. For flat bars which have to be reduced in width, a 
nS of 1000 lb. per sq. in. from the tensile strength specified in Sections 2 and 3 shall be 
made. 

5. Permissible Variations in Elongation. Twenty per cent of the test specimens representing 
one size may show the following percentages of elongation in 8 in.:; 


Rounp Bars. 


Palnomover, tested asirolled: .)weecaumriete kone Seaniveioee ah ots ve om 20 per cent 

UG cere Layee toca MiuBior ok Dan eee On ope, Sent oe ae omer OMS 
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eine or over, tested as rolleda. saat meme mn demic ae csiedes ee 0's 18 per cent 

Under 3 in., HR ei A oA OPM RE ELA aaa oka ies s Sis. a5 TOM 

Reduced! bysmachiningepm. sme niter, eae cere kerala e eieicierete eres ae, hoes Toye 


6. Bend Tests. (a) Cold-bend Tests.—Cold-bend tests will be made only on bars having a 
nominal area of 4 sq. in. or under, in which case the test specimen shall bend cold through 180 deg. 
without fracture on the outside of the bent portion, around a pin the diameter of which is equal 
to twice the diameter or thickness of the specimen. . 

(b) Hot-bend Tests—The test specimen, when heated to a temperature between 1700° and 
1800° F., shall bend through 180 deg. without fracture on the outside of the bent portion, as follows: 
For round bars under 2 sq. in. in section, flat on itself; for round bars 2 sq. in. or over in section 
and for all flat bars, around a pin the diameter of which is equal to the diameter or thickness of 
the specimen. 

(c) Nick-bend Tests—The test specimen, when nicked 25 per cent around for round bars, 
and along one side for flat bars, with a tool having a 60-deg. cutting edge, to a depth of not less 
than 8 nor more than 16 per cent of the diameter or thickness of the specimen, and broken, shall 
not show more than Io per cent of the fractured surface to be crystalline. 

(d) Bend tests may be made by pressure or by blows. 

7. Etch Tests.* The cross-section of the test specimen shall be ground or polished, and etched 
for 2 sufficient period to develop the structure. This test shall show the material to be free from 
steel. 


*A solution of two parts water, one part concentrated hydrochloric acid, and one part con- 
centrated sulphuric acid is recommended for the etch test. 
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8. Test Specimens. (a) Tension and bend test specimens shall be of the full section of 
material as rolled, if possible. Otherwise, the specimens shall be machined from the material 
as rolled; the axis of the specimen shall be located at any point one-half the distance from the 
center to the surface of round bars, or from the center to the edge of flat bars, and shall be parallel 
to the ‘axis of the bar. 

(b) Etch test specimens shall be of the full section of material as rolled. 

9. Number of Tests. (a) All bars of one size shall be piled separately. One bar from each 
100 or fraction thereof will be selected at random and tested as specified. : 

(6) If any test specimen from the bar originally selected to represent a lot of material, contains 
surface defects not visible before testing but visible after testing, or if a tension test specimen 
breaks outside the middle third of the gage length, one retest from a different bar will be allowed. 


III. PERMISSIBLE VARIATIONS IN GAGE. 


10. Permissible Variations. (a) Round bars shall conform to the standard limit gages adopted 
by the Master Car Builders’ Association in 1883. 
(0) The width or thickness of flat bars shall not vary more than 2 per cent from that specified. 


IV. FINISH. 


11. Finish. The bars shall be smoothly rolled and free from slivers, depressions, seams, 
crop ends, and evidences of being burnt. 


V.' INSPECTION AND REJECTION. 


12. Inspection. (a) The inspector representing the purchaser shall have free entry, at all 
times while work on the contract of the purchaser is being performed, to all parts of the manu- 
facturer’s works which concern the manufacture of the material ordered. The manufacturer 
shall afford the inspector, free of cost, all reasonable facilities to satisfy him that the material is 
being furnished in accordance with these specifications. Tests and inspection at the place of 
manufacture shall be made prior to shipment. 

(b) The purchaser may make the tests to govern the acceptance or rejection of material in 
his own laboratory orelsewhere. Such tests, however, shall be made at the expense of the purchaser. 

13. Rejection. All bars of one size will be rejected if the test specimens representing that 
size do not conform to the requirements specified. 


STANDARD SPECIFICATIONS FOR WROUGHT-IRON PLATES 
OF THE 
AMERICAN SOCIETY FOR TESTING MATERIALS, 


ApopteD AUGUST 25, 1913. 


1. Classes. These specifications cover two classes of wrought-iron plates, namely: 
Class A, as defined in Section 2 (6); 
Class B, as defined in Section 2 (c). 


I. MANUFACTURE. 


2. Process. (a) All plates shall be rolled from piles entirely free from any admixture of steel. 

(b) Piles for Class A plates shall be made from puddle bars made wholly from pig iron and 
such scrap as emanates from rolling the plates. 

(c) Piles for Class B plates shall be made from puddle bars made wholly from pig iron or 
from a mixture of pig iron and cast-iron scrap, together with wrought-iron scrap. . 


II. PHYSICAL PROPERTIES AND TESTS. 


3. Tension Tests. The plates shall conform to the following minimum requirements as to 
tensile properties: 
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Properties Considered. 6In.to 24In.,| Over 24 In. |6In.to 24 In.,| Over 24 In. 
Incl to 90 In., Incl., Incl to 90 In., Incl., 


rn ncl., 
in Width. in Width. in Width. in Width. 


Tensile strength, lb. per sq. in. .......... 49,000 48,000 48,000 47,000 
Elastic limit, lb. per sq. in 26,000 26,000 26,000 26,000 
Wlongation in 8) in., pericent...%) .ciscen 16 12 14 10 


4. Modifications in Elongation. For plates under 7% in. in thickness, a deduction of 1 from 
the percentages of elongation specified in Section 3 shall be made for each decrease of #; in. in 
thickness below 7g in. 

5. Bend Tests. (a) Cold-bend Tests—The test specimen shall bend cold through go deg. 
without fracture on the outside of the bent portion, as follows: For Class A plates, around a pin 
the diameter of which is equal to 13 times the thickness of the specimen; and for Class B plates, 
around a pin the diameter of which is equal to 3 times the thickness of the specimen. 

(b) Nick-bend Tests——The test specimen, when nicked on one side and broken; shall show , 
for Class A plates a wholly fibrous fracture, and for Class B plates, not more than 10 per cent of 
the fractured surface to be crystalline. 

6. Test Specimens. Tension and bend test specimens shall be taken from the finished plates 
and shall be of the full thickness of plates as rolled. The longitudinal axis of the specimen shall 
be parallel to the direction in which the plates are rolled. 

7. Number of Tests. (a) One tension, one cold-bend and one nick-bend test shall be made 
for each variation in thickness of ¢ in. and not less than one test for every ten plates as rolled. 

(6) If any test specimen fails to conform to the requirements specified through an apparent 
local defect, a retest shall be taken; and should the retest fail, the plates represented by such test 
shall be rejected. 


III. FINISH. 


8. Finish. The plates shall be straight, smooth and free from cinder spots and holes, and 
free from injurious flaws, buckles, blisters, seams‘and laminations. 


IV. INSPECTION AND REJECTION. 


9. Inspection. (a) The inspector representing the purchaser shall have free entry at all 
times while work on the contract of the purchaser is being performed, to all parts of the manu- 
facturer’s works which concern the manufacture of the plates ordered. The manufacturer shall 
afford the inspector, free of cost, all reasonable facilities to satisfy him that the plates are being 
furnished in accordance with these specifications. Tests and inspection at the place of manu- 
facture shall be made prior to shipment. 

(6) The purchaser may make the tests to govern the acceptance or rejection of plates at his 
own laboratory or elsewhere. Such tests, however, shall be made at the expense of the purchaser. 


‘ 


STEEL.—The three principal methods for the manufacture of steel are (1) the crucible 
process, (2) the Bessemer process, and (3) the open-hearth process. The crucible process is used 
for making tool steel. The Bessemer process is used for making structural steel, but on account 
of its requicing a high grade ore for a satisfactory steel, and the difficulty of control, it is now 
practically replaced by the open-hearth process. The following description of the methods of 
manufacture of steel is taken from Kent’s ‘‘ Mechanical Engineer’s Pocket-Book,” page 451, 8th 
Edition, 1910. ; 


The Manufacture of Steel.—Cast steel is a malleable alloy of iron, cast from a fluid mass. 
It is distinguished from cast iron, which is not malleable, by being much lower in carbon, and from 
wrought iron, which is welded from a pasty mass, by being free from intermingled slag. Blister 
steel is a highly carbonized wrought iron, made by the ‘‘ cementation ”’ process, which consists 
in keeping wrought-iron bars at a red heat for some days in contact with charcoal. Not over 2 
per cent of Cis usually absorbed. The surface of the iron is covered with small blisters, supposedly 
due to the action of carbon on slag. Other wrought steels were formerly made by direct processes 
from iron ore, and by the puddling process from wrought iron, but these steels are now replaced 
by cast steels. Blister steel is, however, still used as a raw material in the manufacture of crucible 
steel. Case-hardening is a process of surface cementation. 


494 ENGINEERING MATERIALS, Cuap. XV. 


- Crucible Steel is commonly made in pots or crucibles holding about 80 pounds of metal. 
The raw material may be steel scrap; blister steel bars; wrought iron with charcoal; cast iron with 
wrought iron or with iron ore; or any mixture that will produce a metal having the desired chemical 
constitution. Manganese in some form is usually added to prevent oxidation of the iron. Some 
silicon is usually absorbed from the crucible, and carbon also if the crucible is made of graphite 
and clay. The crucible being covered, the steel is not affected by the oxygen or sulphur in the 
flame. The quality of crucible steel depends on the freedom from objectionable elements, such as 
phosphorus, in the mixture, on the complete removal of oxide, slag and blowholes by ‘ dead- 
melting ” or “ killing’ before pouring, and on the kind and quantity of different elements which 
are added in the mixture, or after melting, to give particular qualities to the steel, such as carbon, 
manganese, chromium, tungsten and vanadium. F 

Bessemer Steel is made by blowing air through a bath of melted pig iron. The oxygen of 
the air first burns away the silicon, then the carbon, and before the carbon is entirely burned away, 
begins to burn the iron. Spiegeleisen or ferro-manganese is then added to deoxidize the metal 
and to give it the amount of carbon desired in the finished steel. In the ordinary or “acid” 
Bessemer process the lining of the converter is a silicious material, which has no effect on phos- 
phorus, and all the phosphorus in the pig iron remains in the steel. In the ‘‘ basic’ or Thomas 
and Gilchrist process the lining is of magnesian limestone, and limestone additions are made to the 
bath, so as to keep the slag basic; and the phosphorus enters.the slag. By this process ores that 
were formerly unsuited to the manufacture of steel have been made available. 

Open-hearth SteelAny mixture that may be used for making steel in a crucible may also 
be melted on the open hearth of a Siemens regenerative furnace, and may be desiliconized and 
decarbonized by the action of the flame and by additions of iron ore, deoxidized by the addition 
of spiegeleisen or ferro-manganese, and recarbonized by the same additions or by pig iron. In the 
most common form of the process pig iron and scrap steel are melted together on the hearth, and 
after the manganese has been added to the bath it is tapped into the ladle. Inthe Talbot process 
a large bath of melted material is kept in the furnace, melted pig iron, taken from a blast furnace, 
is added to it, and iron ore is added which contributes its iron to the melted metal while its oxygen 
decarbonizes the pig iron. When the decarbonization has proceeded far enough, ferro-manganese 
is added to destroy iron oxide, and a portion of the metal is tapped out, leaving the remainder to 
receive another charge of pig iron, and thus the process is continued indefinitely. In the Duplex 
process melted cast iron is desiliconized in a Bessemer converter, and then run into an open 
hearth, where the steel-making operation is finished. 

The open-hearth process, like the Bessemer, may be either acid or basic, according to the 
character of the lining. The basic process is a dephosphorizing one, and is the one most generally 
available, as it can use pig irons that are either low or high in phosphorus, | 


Strength of Steel—The properties most desired in steel are strength and ductility. Pure 
iron has a tensile strength of about 40,000 lb. per sq. in. and is very ductile. This strength is 
usually increased by the impurities found in steel. 

Carbon is the important impurity as it gives strength with the least decrease in ductility. 
Campbell states that each 0.01 per cent of carbon will increase the strength of acid open-hearth 
steel by 1000 lb. per sq. in., and of basic open-hearth steel by 770 Ib. per sq. in. The maximum 
tensile strength of steel is reached with 0.9 to 1.0 per cent of carbon. . 

Silicon has little effect on the strength of rolled steel, but in castings 0.3 to 0.4 per cent of 
silicon increases the tensile strength of steel castings and produces soundness. 

Sulphur has little effect on the strength of open-hearth steel, but it produces “‘ red-shortness,”’ 
and produces checks and cracks during the rolling or during the cooling of castings. 

Phosphorus increases the static strength of steel about 1000 lb. for each 0.01 per cent of 
phosphorus. The increase in strength is obtained at a great loss in ductility and produces a steel 
that is brittle and unreliable. 

Manganese when above 0.3 to 0.4 per cent increases the tensile strength of steel. The 
increase in strength above 0.4 per cent is about 300 Ib. per sq. in. for acid open-hearth and 130 |b. 
per sq. in. for basic open-hearth steel for each additional 0.01 per cent of manganese. 

From the above discussion it will be seen that if certain physical characteristics are required 
in a steel the manufacturer must be left free to vary part of the impurities. For example if a 
high grade structural steel with an ultimate tensile strength of 60,000 Ib. per sq. in. is desired, the 
phosphorus and sulphur may be limited in addition to the prescribed physical limits if the carbon 
is left open. : 
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| Formulas for Tensile Strength.—Campbell gives the following formulas for the strength of 
acid and basic open-hearth steels: 

For acid steel, Ultimate strength = 40,000 + 1000 C + 1000 P+ X.Mn-+ R. 

For basic steel, Ultimate strength = 41,500’'+ 770 C + 1000 P+ X.Mn-+ R. 

In these formulas, C = 0.01 per cent carbon, P = 0.01 phosphorus, Mn = 0.01 per cent 
‘manganese above 0.4 per cent for acid and above 0.3 per cent for basic steel, and R is a variable 
‘depending upon the heat treatment of the steel. The coefficient of Mn, X, varies as follows: 
|For acid steel, for 0.10 per cent carbon, X = 80, and for 0.60 per cent carbon, X = 480 and pro- 
‘portional for intermediate values; while for basic steel, for 0.05 per cent carbon, X = 110, and for 
‘0.40 per cent carbon, X = 250 and proportional for intermediate values. 

Special Steels.—The following special steels have been used. Nickel is used as an alloy for 
‘structural and other kinds of steel, the specifications for structural nickel steel of the American 
Society for Testing Materials require that there be not less than 3} per cent of nickel. Chrome 
steel—carbon steel with about 0.5 per cent chromium—was used in the Eads bridge in 1871. Chro- 
.mium is now used in combination with nickel, making Chromium-nickel steel; with vanadium, 
making Chromium-vanadium steel, and with both nickel and vanadium, making Chromium- 
nickel-vanadium steel. Copper steels are those having from 1 to 4 per cent of copper, carbon being 
less than 1 per cent. Manganese steel with from 6 to 12 per cent manganese is very tough and 
‘malleable. s : 

Specifications for Structural Steel—The allowable stresses for structural steel are given in 
Table I and in the specifications of the American Society for Testing Materials which follow. 

Allowable Stresses in Steel and Iron.—The allowable stresses Jor steel frame mill buildings are 
given in the “‘Specifications for Steel Frame Buildings,’ in Chapter I. The allowable stresses 
for steel office buildings are given in the ‘‘Specifications for Steel Office Buildings,” in Chapter IT. 
The allowable stresses for steel highway bridges are given in the ‘‘Specifications for Steel Highway 
_ Bridges,’”’ in Chapter III. The allowable stresses for steel railway bridges are given in the ‘‘Speci- 
fications for Steel Railway Bridges,” in Chapter IV. The allowable stresses in steel bins are 
given in Chapter VIII, p. 313. The allowable stresses for steel grain bins are given in Chapter 
IX, p. 326. The allowable stresses in steel head frames and coal tipples are given in the “‘Speci- 
‘fications for Steel Head Frames and Coal Tipples, Washers and Breakers,” in Chapter X. The 
allowable stresses in steel stand-pipes and elevated tanks are given in the ‘“‘Specifications for 
Elevated Steel Tanks on Towers and for Stand-Pipes,” in Chapter XI. The allowable stresses 
for the steel and cast iron details in timber bridges are the same as for steel railway bridges given 
in Chapter IV. The allowable stresses in steel reinforcement are given on page 521. 

Nickel Steel.—In a paper entitled ‘‘ Nickel Steel for Bridges” by Mr. J. A. L. Waddell, in 
Trans. Am. Soc. C. E., Vol. 63, June 1909, the allowable unit stress in lb. per sq. in. for carbon 
_steel is given as P = 18,000 — 70 //r, and for nickel steel as P = 30,000 — 120 //r, where / is the 
length and +r is the corresponding radius of gyration, both in inches. The impact coefficient 
adopted by|Mr. Waddell is given on page 161. 
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TABLE I. 


STRENGTH PROPERTIES OF STRUCTURAL STEEL AND JRON—AMERICAN SOCIETY FOR TESTING 
MATERIALS, YEAR BOOK, 1913. 


Tensile Strength, Lb. Sq. In. 


Ultimate. 


Elastic Limit. 


Minimum Elongation, 
Per Cent. 


In 8 In. 


In 2 In. 
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Reduction 
of Area, 
Per Cent. 


BRIDGES 
Structural Steel 


Rivet Steel 


BUILDINGS 
Structural Steel 


Rivet Steel 


SHIPS 
Structural Steel 


Rivet Steel 


BOILER AND RIVET STEEL 
Flange Steel... oe 


Firebox Steel 


STRUCTURAL NICKEL STEEL 
Plates, Shapes and Bars 


Eye-bars and rollers (unannealed) 


Eye-bars and Pins (annealed)... . 
Rivet Steel 


55,000-65 ,000 
48,000-58,000 
55,000-65,000 
48,000-5 8,000 
58,000-68,000 
55,000-65 ,000 
55,000-65 ,000 
52,000-62,000 


45,0005 5,000 


85,000-100,000 


95,000-1 10,000 


90,000-105 ,000 
70,000-80,000 


BILLET-STEEL REINFORCEMENT BARS 


Structural 


Structural 


Deformed 


Cold Twisted 


55,000-70,000 
80,000 min. 
55,000-70,000 


80,000 min. 


recorded only 


RAIL-STEEL REINFORCEMENT BARS 


Deformed and Hot-twisted 
WROUGHT IRON 

Refined Bars. 

Plates 


GRAY IRON CASTINGS. 
Light Castings.. a 
Medium Castings. : 

Heavy Castings 


MALLEABLE CASTINGS 


80,000 
80,000 


48,000 
47,000-49,000 


80,000 
70,000 
60,000 


18,000 
21,000 
24,000 
40,000 


$ ultimate 
2 ultimate 
4 ultimate 
% ultimate 
4 ultimate 
} ultimate 
2 ultimate 
4 ultimate 


4 ultimate 


50,000 


55,000 
52,000 
45,000 


33,000 
50,000 
33,000 
50,000 


55,000 


1,500,000 


ultimate 
1,5000,00 


ultimate 
1,400,000 


ae ultimate 
{ Tetgo.cve 1,400,000 
ultimate 
{ 202,080 1,500,000 
ultimate 
{ 1 sce.cee 1,500,000 
ultimate 
{ hscenee 1,500,000 


ultimate 
1,500,000 
ultimate 
{ 1,500,000 
ultimate 


(not greater than 30) 


1,500,000 


ultimate 
1,500,000 


a 


rie00ib08 


ultimate 
1,400,000 


hee a ultimate 
1,200,000 
— ultimate 
1,250,000 
eee ultimate 
1,000,000 
[ees amt 


1,200,000 


ultimate 
1,000,000 


ultimate 


10 16 


16 


20 


STANDARD SPECIFICATIONS FOR STRUCTURAL STEEL FOR BUILDINGS 
: OF THE 
: AMERICAN SOCIETY FOR TESTING MATERIALS. 
ADOPTED AUGUST 25, 1913. 


I. MANUFACTURE. 


1. Process. (a) Structural steel, except as noted in Paragraph (b), may be made by the 
Bessemer or the open-hearth process. 

(6) Rivet steel, and steel for plates or angles over 2 in. in thickness which are to be punched, 
shall be made by the open-hearth process. 


II. CHEMICAL PROPERTIES AND TESTS. 


2. Chemical Composition. The steel shall conform to the following requirements as to 
chemical composition: 


STRUCTURAL STEEL. RIveET STEEL. 
Bessemer....... HOWOVeHRONO pericente |e a ae 
Phosphorus oo mea 52 pe 0.06 +f not over 0.06 per cent 
SHAE Aare o ee eS ee ee shag ttn Vic aed) O04 See 


3. Ladle Analyses, An analysis to determine the percentages of carbon, manganese, phos- 
phorus and sulphur shall be made by the manufacturer from a test ingot taken during the pouring 
of each melt, a copy of which shall be given to the purchaser or his representative. This analysis 
shall conform to the requirements specified in Section 2. 

4. Check Analyses. Analyses may be made by the purchaser from finished material re- 
presenting each melt, in which case an excess of 25 per cent above the requirements specified in 
Section 2 shall be allowed. 


III. PHYSICAL PROPERTIES AND TESTS. 


5. Tension Tests. (a) The material shall conform to the following requirements as to tensile 
properties: 


Properties Considered. Structural Steel. Rivet Steel. 


Tensile strength, lb. per sq. in 55,000-65,000 48,000-58,000 
“ “ 


Yield point, min., 0.5 tens. str. 0.5 tens. str. 
1,400,000! 1,400,000 
Tens. str. Tens. str. 


22 


Elongation in 8 in., min., per cent 


Elongation in 2 in. vi 


(6) The yield point shall be determined by the drop of the beam of the testing machine. 

6. Modifications in Elongation. (a) For structural steel over 2 in. in thickness, a deduction 
of 1 from the percentage of elongation in 8 in. specified in Section 5(a) shall be made for each 
increase of } in. in thickness above 3 in. 

(6) For structural steel under 3% in. in thickness, a deduction of 2.5 from the percentage of 
ares in 8 in. specified in Section 5(a) shall be made for each decrease of 7; in. in thickness 

elow 3; in. 

7. Bend Tests. (a) The test specimen for plates, shapes and bars shall bend cold through 
180 deg. without cracking on the outside of the bent portion, as follows: For material $ in. or under 
in thickness, flat on itself; for material over ¢ in. to and including 1} in. in thickness, around a pin 
the diameter of which is equal to the thickness of the specimen; and for material over 1 in. in 
thickness, around a pin the diameter of which is equal to twice the thickness of the specimen. _ 

: (b) The test specimen for pins and rollers shall bend cold through 180 deg. around a I-in. 
pin without cracking on the outside of the bent portion. 4 

(c) The test specimen for rivet steel shall bend cold through 180 deg. flat on itself without 

cracking on the outside of the bent portion. 


1See Section 6. 
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8. Test Specimens. (a) “Tension and bend test specimens shall be taken from the finished 
rolled or forged material, and shall not be annealed or otherwise treated, except as specified in 
Paragraph (0). 

(6) Tension and bend test specimens for material which is to be annealed or otherwise treated 
before use, shall be cut from properly annealed or similarly treated short lengths of the full section 
of the piece. 

(c) Tension and bend test specimens for plates, shapes and bars, except as specified in Para- 
graph (d), shall be of the full thickness of material as rolled; and may be machined to the form and 
dimensions shown in Fig. 1, or with both edges parallel. : 


: 

fa : he 

eA bout 8 = <Parallel section not less than 9”. 
138 


> vA bout $5, 


Fic. 1. 
Pian nnnnnn nena (ae ee RE oe Re a > 
k---- flan Yen nnn BY nnn en mmo 
H ' 
' 


(d) Tension and bend test specimens for plates and bars over 13 in. in thickness or diameter 
may be machined to a thickness or diameter of at least } in. for a length of at least 9 in. 

(e) The axis of tension and bend test specimens for pins and rollers shall be 1 in. from the 
surface and parallel to the axis of the bar. Tension test specimens shall be of the form and di- 
mensions shown in Fig. 2. Bend test specimens shall be 1 by 3 in. in section. 

(f) Tension and bend test specimens for rivet steel shall be of the full-size section of bars as 
rolled. 

9. Number of Tests. (a) One tension and one bend test shall be made from each melt; 
except that if material from one melt differs } in. or more in thickness, one tension and one bend 
test shall be made from both the thickest and the thinnest material rolled. 

(b) If any test specimen shows defective machining or develops flaws, or if an 8-in. tension 
test specimen breaks outside the middle third of the gage length, or if a 2-in. tension test specimen 
breaks outside the gage length, it may be discarded and another specimen substituted. 


IV. PERMISSIBLE VARIATIONS IN WEIGHT AND GAGE. 


10. Permissible Variations. The cross-section or weight of each piece of steel shall not vary 
more than 2.5 per cent from that specified; except in the case of sheared plates, which shall be 
covered by the following permissible variations to apply to single plates: 

(a) When Ordered to Weight.—For plates 124 lb. per sq. ft. or over: 

Under 100 in. in width, 2.5 per cent above or below the specified weight; 
100 in. in width or over, 5 per cent above or below the specified weight. 
For plates under 123 lb. per sq. ft.: 
Under 75 in. in width, 2.5 per cent above or below the specified weight; 
75 to 100 in., exclusive, in width, 5 per cent above or 3 per cent below the specified weight ; 
100 in. in width or over, 10 per cent above or 3 per cent below the specified weight. 

(b) When Ordered to Gage.—The thickness of each plate shall not vary more than 0.01 in. 
under that ordered. 

An excess over the nominal weight corresponding to the dimensions on the order shall be 
allowed for each plate, if not more than that shown in the following table, one cubic inch of rolled 
steel being assumed to weigh 0.2833 Ib.: 
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ALLOWABLE EXCESS (EXPRESSED AS PERCENTAGE OF NOMINAL WEIGHT). 
Thickness Nominal For Width of Plate as follows: 
Ordered, Weight, Lb. 
In. Per Sq. Ft. | ynder s0 | 50 to 70 | 70 In. or | Under 7s | 75 to 100 | 100 to 115 | 115 In.or 
In. In., Excl. Over. | In. In., Excl. | In., Excl. Over. 


5.10to 6.37] 10 20 
8.5 é 17 
i 15 


act 
Cx) 


eo] 
fe cap 
. 
x 


rm 
t) 


1 
4 
3 
16 
3 
8 
ae 
16 
a 
2 
ae 
16 
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ORARU ANd: : : 
wn un 


OD @| 
val 


V. FINISH. 


11. Finish. The finished material shall be free from injurious defects and shall have a work- 
manlike finish, 
: VI. MARKING. 


12. Marking. The name or brand of the manufacturer and the melt number shall be legibly 
stamped or rolled on all finished material, except that rivet and lattice bars and other small sections 
shall, when loaded for shipment, be properly separated and marked for identification. The 
identification marks shall be legibly stamped on the end of each pin and roller. The melt number 
shall be legibly marked, by stamping if practicable, on each test specimen. 


VII. INSPECTION AND REJECTION. 


13. Inspection. The inspector representing the purchaser shall have free entry, at all times 
while work on the contract of the purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the material ordered. The manufacturer shall afford 
the inspector, free of cost, all reasonable facilities to satisfy him that the material is being furnished 
in accordance with these specifications. All tests (except check analyses) and inspection shall be 
made at the place of manufacture prior to shipment, unless otherwise specified, and shall be so 
conducted as not to interfere unnecessarily with the operation of the works. 

14. Rejection. (a) Unless otherwise specified, any rejection based on tests made in ac- 
cordance with Section 4 shall be reported within five working days from the receipt of samples. 

(6) Material which shows injurious defects subsequent to its acceptance at the manufacturer's 
works will be rejected, and the manufacturer shall be notified. 

15. Rehearing. Samples tested in accordance with Section 4, which represent rejected 
material, shall be preserved for two weeks from the date of the test report. In case of dissatis- 
faction with the results of the tests, the manufacturer may make claim for a rehearing within that 
time. : 


STANDARD SPECIFICATIONS FOR STRUCTURAL STEEL FOR BRIDGES 
OF THE 
AMERICAN SOCIETY FOR TESTING MATERIALS. 
ApborTeD AUGUST 25, I913. 


I. MANUFACTURE. 


1. Steel Castings. The Standard Specifications for Steel Castings adopted by the American 
Society for Testing Materials, are hereby made a part of these specifications, and shall govern the 
purchase of steel castings for bridges.* 

2. Process. The steel shall be made by the open-hearth process. 


_ *Inusing the Standard Specifications for Steel Castings for the purchase of castings for bridges, 
it is necessary to specify both the class and grade of casting desired. 
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II. CHEMICAL PROPERTIES AND TESTS. 


3. Chemical Composition. The steel shall conform to the following requirements as to 
chemical composition: : 


STRUCTURAL STEEL. RIvET STEEL. 

AIM ccanere git eaters not over 0.06 not over 0.04 per cent. 
Phosphorus Basic. 2... .. OTE x0Y | OWE Royle a 
Sulphue) sys, js) taias sa niatese areas \eaegO:05 ‘ek 2 BOLOLD ie 


4. Ladle Analyses. An analysis to determine the percentages of carbon, manganese, phos- 
phorus and sulphur shall be made by the manufacturer from a test ingot taken during the pouring 
of each melt, a copy of which shall be given to the purchaser or his representative. This analysis 
shall conform to the requirements specified in Section 3. 

5. Check Analyses. Analyses may be made by the purchaser from finished material repre- 
senting each melt, in which case an excess of 25 per cent above the requirements specified in 
Section 3 shall be allowed. 


III. PHYSICAL PROPERTIES AND TESTS. 


6. Tension Tests. (a) The material shall conform to the following requirements as to tensile 
properties: . 


Properties Considered. Structural Steel. Rivet Steel. 


Tensile strength, lb. per sq. in 55,000—-65 ,000 48,000—58,000 
Yield point, min., lb. per sq. in . 0.5 tens. str. = 0.5 tens. stf. 


Tea Z ; 1,500,000! I,500,000 
Elongation in 8 in., min., per cent ~22 Be Peis 
8 »P Tens. str. Tens. str. 


Elongation in 2 in., min., per cent 22 


(b) The yield point shall be determined by the drop of the beam of the testing machine. 

7. Modifications in Elongation. (a) For structural steel over ¢ in. in thickness, a deduction 
of 1 from the percentage of elongation in 8 in. specified in Section 6 (a), shall be made for each 
increase of } in. in thickness above ? in. 

(b) For structural steel under 35 in. in thickness, a deduction of 2.5 from the percentage of 
elongation in 8 in. specified in Section 6 (a), shall be made for each decrease of 7 in. in thickness 
below #5 in. 

8. Bend Tests. (a) The test specimen for plates, shapes, and bars shall bend cold through 
180 deg. without cracking on the outside of the bent portion, as follows: For material $ in. or under 
in thickness, flat on itself; for material over } in. to and including 1} in. in thickness, around a pin 
the diameter of which is equal to the thickness of the specimen; and for material over 1} in. in 
thickness, around a pin the diameter of which is equal to twice the thickness of the specimen. 

(b) The test specimen for pins and rollers shall bend cold through 180 deg. around a I-in. 
pin without cracking on the outside of the bent portion. 

(c) The test specimen for rivet steel shall bend cold through 180 deg. flat on itself without 
cracking on the outside of the bent portion. 

g. Tests of Angles. Angles } in. or under in thickness shall open flat, and angles 4 in. or 
under in thickness shall bend shut, cold, under blows of a hammer without cracking. This test 
shall be made only when required by the inspector. : 

10. Test Specimens. (a) Tension and bend test specimens shall be taken from the finished 
rolled or forged material, and shall not be annealed or otherwise treated, except as specified in 
Paragraph (0). 

(b) Tension and bend test specimens for material which is to be annealed or otherwise treated 
peters use, shall be cut from properly annealed or similarly treated short lengths of the full section 
of the piece. 

(c) Tension and bend test specimens for plates, shapes and bars, except as specified in Para- 
graph (d), shall be of the full thickness of material as rolled. They may be machined to the form 
and dimensions shown in Fig. 1, or with both edges parallel; except that bend test specimens for 
eye-bar flats may have three rolled sides. 

(d) Tension and bend test specimens for plates and bars (except eye-bar flats) over 1} in. in 
pence or diameter may be machined to a thickness or diameter of at least $ in. for a length of at 
east 9 in. 


1 See section 7. 
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(e) The axis of tension and bend test specimens for pins and rollers shall be 1 in. from the 
surface and parallel to the axis of the bar. Tension test specimens shall be of the form and di- 
mensions shown in Fig. 2. Bend test specimens shall be 1 by } in. in section. ; 
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‘i My Tension and bend test specimens for rivet steel shall be of the full-size section of bars as 
rolled. 

11. Number of Tests. (a) One tension and one bend test shall be made from each melt; 
except that if material from one melt differs ? in. or more in thickness, one tension and one bend 
test shall be made from both the thickest and the thinnest material rolled. 

(6) If any test specimen shows defective machining or develops flaws, or if an 8-in. tension 
test specimen breaks outside the middle third of the gage length, or if a 2-in. tension test specimen 
breaks outside the gage length, it may be discarded and another specimen substituted. 


IV. PERMISSIBLE VARIATIONS IN WEIGHT AND GAGE. 


12. Permissible Variations. The cross-section or weight of each piece of steel shall not vary 
more than 2.5 per cent from that specified; except in the case of sheared plates, which shall be 
covered by the following permissible variations to apply to single plates: 

(a) When Ordered to Weight.—¥For plates 12} lb. per sq ft. or over: 

Under 100 in. in width, 2.5 per cent above or below the specified weight; 
100 in. in width or over, 5 per cent above or below the specified weight. 
For plates under 123 Ib. per sq. ft.: 
Under 75 in. in width, 2.5 per cent above or below the specified weight; 
75 to 100 in., exclusive, in width, 5 per cent above or 3 per cent below the specified weight; 
100 in. in width or over, 10 per cent above or 3 per cent below the specified weight. 

(6) When Ordered to Gage.—The thickness of each plate shall not vary more than 0.01 in. 
under that ordered. 

An excess over the nominal weight corresponding to the dimensions on the order shall be 
allowed for each plate, if not more than that shown in the following table, one cubic inch of rolled 
steel being assumed to weigh 0.2833 lb.: 


V. FINISH. 


13. Finish. The finished material shall be free from injurious defects and shall have a work- 
manlike finish. 


VI. .MARKING. 


“14. Marking. The name or brand of the manufacturer and the melt number shall be legibly 
stamped or rolled on all finished material, except that rivet and lattice bars and other small 
sections shall, when loaded for shipment, be properly separated and marked for identification. 
The identification marks shall be legibly stamped on the end of each pin and roller. The melt 
number shall be legibly marked, by stamping if practicable, on each test specimen. 
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ALLOWABLE EXCESS (EXPRESSED AS PERCENTAGE OF NOMINAL WEIGHT). 
Thickness Nominal For Width of Plate as follows: 
Ordered, Weight, Lb. 
In. Per Sq. Ft. | under s0 | 50 to 70 | 70 In.or | Under 7s | 75 to roo | x00 to 115 | 11g In. or 
In. In., Excl. Over. seins In., Excl. | In., Excl. Over. 
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VII. INSPECTION AND REJECTION. 


15. Inspection. The inspector representing the purchaser shall have free entry, at all times 
while work on the contract of the purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the material ordered. The manufacturer shall afford 
the inspector, free of cost, all reasonable facilities to satisfy him that the material is being furnished 
in accordance with these specifications. All tests (except check analyses) and inspection shall be 
made at the place of manufacture prior to shipment, unless otherwise specified, and shall be so 
conducted as not to interfere unnecessarily with the operation of the works. : 

16. Rejection. (a) Unless otherwise specified, any rejection based on tests made in accord- 
ance with Section 5 shall be reported within five working days from the receipt of samples. 

(6) Material which shows injurious defects subsequent to its acceptance at the manufacturer’s 
works will be rejected, and the manufacturer shall be notified. 

17. Rehearing. Samples tested in accordance with Section 5, which represent rejected 
material, shall be preserved for two weeks from the date of the test report. In case of dissatis- 
faction with the results of the tests, the manufacturer may make claim for a rehearing within that 
time. 


STANDARD SPECIFICATIONS FOR STRUCTURAL NICKEL STEEL 
OF THE 
AMERICAN SOCIETY FOR TESTING MATERIALS. 
ApopTtED AUGUST 25, 1913. 


I. MANUFACTURE. 


1. Process. The steel shall be made by the open-hearth process. 
2. Discard. A sufficient discard shall be made from each ingot intended for eye-bars to 
secure freedom from injurious piping and undue segregation. 


II. CHEMICAL PROPERTIES AND TESTS. 


3. Chemical Composition. The steel shall conform to the following requirements as to 
chemical composition: 
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_4- Ladle Analyses. An analysis shall be made by the manufacturer from a test ingot taken 
during the pouring of each melt. A copy of this analysis shall be given to the purchaser or his 
representative. This analysis shall conform to the requirements specified in Section 3. 
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5. Check Analyses. A check analysis may be made by the purchaser from finished material 
representing each melt, and this analysis shall conform to the requirements specified in Section 3. 


III. PHYSICAL PROPERTIES AND TESTS. 


6. Tension Tests. (a) The steel shall conform to the following requirements as to tensile 
properties: 
TENSILE PPOPERTIES FROM SPECIMEN TESTS. 


Plates, Shapes Eye-Bars andRol- | Eye-Bars® and 


PAGES (Coes Bayete. and Bars. lers,° Unannealed. | Pins,° Annealed. 


Tensile strength, Ib. per sq. in.. .|70,000-80,000] 85,000-100,000 | 95,000-110,000 | 90,000-105,000 
Yield point, min., lb. per sq. in.. 45,000 50,000 55,000 52,000 

1,500,000 1,500,0008 1,500,000 
Tens. Str. Tens. Str. 
Elongation in 2 in., min., per cent. 16 20 
Reduction of area min., per cent., 25 35 


20 


Elongation in 8 in., min., per cent. 


@ Tests of annealed specimens of eye-bars shall be made for information only. 

> See Section 7. : 

¢ Elongation shall be measured in 2 in. 

(b) The yield point shall be determined by the drop of the beam of the testing machine. 

7. Modifications in Elongation. For plates, shapes and unannealed bars over I in. in thick- 
ness, a deduction of 1 from the percentage of elongation specified in Section 6 shall be made for 
each increase of § in. in thickness above I in., to a minimum of 14 per cent. 

8. Character of Fracture. All broken tension test specimens shall show either a silky or a 
very fine granular fracture, of uniform color, and free from coarse crystals. 

g. Bend Tests. (a) The test specimen for plates, shapes and bars shall bend cold through 
180 deg. without fracture on the outside of the bent portion, as follows: For material $ in. or under 
in thickness, around a pin the diameter of which is equal to the thickness of the specimen; and for 
material over ? in. in thickness, around a pin the diameter of which is equal to twice the thickness 
of the specimen. 

(6) The test specimen for pins and rollers shall bend cold through 180 deg. around a I in. 
pin, without fracture on the outside of the bent portion. 

(c) The tést specimen for rivet steel shall bend cold through 180 deg. flat on itself without 
cracking on the outside of the bent portion. 

10. Tests of Angles. (a) Angles with 4 in. legs or under, and 3 in. or under in thickness, 
shall open flat or bend shut, cold, under the blows of a hammer without cracking. 

(b) Angles with legs over 4 in., or over } in. in thickness, shall open to an angle of 150 deg., 
or close to an angle of 30 deg., cold, under the blows of a hammer without cracking. 

11. Drift Tests. Punched rivet holes pitched two diameters from a planed edge shall stand 
drifting until the diameter is enlarged 50 per cent without cracking the metal. 

12. Test Specimens. (a) Tension and bend test specimens shall be taken from the finished 
rolled or forged material. Specimens for pins shall be taken after annealing. 

(b) Tension and bend test specimens for plates, shapes and bars, except as specified in Para- 
graph (c), shall be of the full thickness of material as rolled. They may be machined to the form 
and dimensions shown in Fig. 1, or with both edges parallel; except that bend test specimens shall 
not be than 2 in. in width, and that bend test specimens for eye-bar flats may have three 
rolled sides. 


4 @ ine m2 tapes, Z “” 
About 3’ 3 <Farallel section not Jess than 9, <About-$%, 
A) Firak t 4 ' 
tie tart — 1%" 1 H Le 
a 
» 
See cee 4 
' ‘ate eet tee 
H ‘aera Ete, i : 
lgn ee nn nan nanan swan nn ene pout 18”---------~---~ oneees > 


(c) Tension and bend test specimens for plates and bars (except eye-bar flats) over 1} in. in 
thickness or diameter may be machined to a thickness or diameter of at least 3 in. for a length of 
at least 9 in. 
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(d) The axis of tension and bend test specimens for pins and rollers shall be 1 in. from the 
surface and parallel to the axis of the bar. Tension test specimens shall be of the form and dimen- 
sions shown in Fig. 2. Bend test specimens shall be 1 by # in. in section. 

(e) Tension and bend test specimens for rivet steel shall be of the full-size section of bars as 
rolled. 

13. Number of Tests. (a) One tension and one bend test shall be made from each melt; 
except that if material from one melt differs 3 in. or more in thickness, one tension and one bend 
test shall be made from both the thickest and the thinnest material rolled. 

(6) If any test specimen shows defective machining or develops flaws, or if an 8-in. tension 
test specimen breaks outside the middle third of the gage length, or if a 2-in. tension test specimen 
breaks outside the gage length, it may be discarded and another specimen substituted. 
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IV. PERMISSIBLE VARIATIONS IN WEIGHT AND GAGE. 


14. Permissible Variations. The cross section or weight of each piece of steel shall not vary 
more than 2.5 per cent from that specified; except in the case of sheared plates, which shall be 
covered by the following permissible variations to apply to single plates: 

(a) When Ordered to Weight—For plates 124 Ib. per sq. ft. or over: 

Under 100 in. in width, 2.5 per cent above or below the specified weight; 
100 in. in width and over, 5 per cent above or below the specified weight. 
For plates under 123 Ib. per sq. ft.: 
Under 75 in. in width, 2.5 per cent above or below the specified weight; 
75 to 100 in. in width, 5 per cent above or 3 per cent below the specified weight; 
100 in. in width and over, 10 per cent above or 3 per cent below the specified weight. 

(6) When Ordered to Gage.—The thickness of each plate shall not vary more than o.or in. 
below that ordered. 

An excess over the nominal weight corresponding to the dimensions on the order shall be 

_ allowed for each plate, if not more than that shown in the following table, one cubic inch of rolled 
steel being assumed to weigh 0.2833 lb.: 


ALLOWABLE EXCESS (EXPRESSED AS PERCENTAGE OF NOMINAL WEIGHT). 
Thickness Nominal For Width of Plate as follows: 
Ordered, Weight, Lb. - 
In. Per Sq. Ft. | Under 50 | 50 to 70 | 70 In.or | Under 75 | 75 to 100 | 100 to 115 
In. In., Excl. Over. In. In., Excl. | In., Excl. 
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V. FINISH. 


15. Finish. The finished material shall be free from injurious seams, slivers, flaws and other 
defects, and shall have a workmanlike finish. 
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VI. MARKING. 


16. Marking. The name or brand of the manufacturer and the melt number shall be legibly 
stamped or rolled on all finished material, except that rivet and lattice bars and other small sections 
shall, when loaded for shipment, be properly separated and marked for identification. The 
identification marks shall be legibly stamped on the end of each pin and roller. The melt number 
shall be legibly marked, by stamping if practicable, on each test specimen. 


VII. INSPECTION. 


17. Inspection. The inspector representing the purchaser shall have free entry, at all times 
while work on the contract of the purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the material ordered. The manufacturer shall afford | 
the inspector, free of cost, all reasonable facilities to satisfy him that the material is being furnished 
in accordance with these specifications. All tests (except check analyses) and inspection shall be 
made at the place of manufacture prior to shipment, unless otherwise specified, and shall be so 
conducted as not to interfere unnecessarily with the operation of the works. 

18. Rejection. (a) Unless otherwise specified, any rejection based on tests made in accord- 
ance with Section 5 shall be reported within five working days from the receipt of samples. 

(6) Material which shows injurious defects subsequent to its acceptance at the manufacturer’s 
works will be rejected and the manufacturer shall be notified. 

' 19. Rehearing. Samples tested in accordance with Section 5, which represent rejected 
material, shall be preserved for two weeks from the date of the test report. In case of dissatis- 
faction with the results of the tests, the manufacturer may make claim for a rehearing within that 


time. 
VIII. FULL SIZE TESTS. 


20. Tests of Eye-Bars. (a) Full size tests of annealed eye-bars shall conform to the following 
requirements as to tensile properties: 
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(6) The yield point shall be determined by the halt of the gage of the testing machine. 


STANDARD SPECIFICATIONS FOR BOILER RIVET STEEL 
OF THE 
AMERICAN SOCIETY FOR TESTING MATERIALS. 


ApoPpTteD AUGUST 25, 1913. 
A. Requirements for Rolled Bars. 


I. MANUFACTURE. 
1. Process. The steel shall be made by the open-hearth process. 


II. CHEMICAL PROPERTIES AND TESTS. 


2. Chemical Composition. The steel shall conform to the following requirements as to 
chemical composition: 
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3. Ladle Analyses. An analysis to determine the percentages of carbon, manganese, phos- 
phorus and sulphur shall be made by the manufacturer from a test ingot taken during the pouring 
of each melt, a copy of which shall be given to the purchaser or his representative. This analysis 
shall conform to the requirements specified in Section 2. 

4. Check Analyses. A check analysis may be made by the purchaser from finished material 
representing each melt, and this analysis shall conform to the requirements specified in Section 2. 


III. PHYSICAL PROPERTIES AND TESTS. 


5. Tension Tests. (a) The bars shall conform to the following requirements as to tensile 
properties: 
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Tensile strength, Ibs per’sq.. 1m ga citer ievstel ol atetetetslcie)#ieieloislers)» afore 45,000-55,000 
Yield point, am:, Ib.wperisg, ale cape stesmtet etter rel Rete telors 0.5 tens. str. 
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(But need not exceed 30 per cent) 


(b) The yield point shall be determined by the drop of the beam of the testing machine. 

6. Bend Tests. (a) Cold-bend Tests——The test specimen shall bend cold through 180 deg. 
flat on itself without cracking on the outside of the bent portion. 

(b) Quench-bend Tests.—The test specimen, when heated to a light cherry red as seen in the 
dark (not less than 1200° F.), and quenched at once in water the temperature of which is between 
80° and 90° F., shall bend through 180° flat on itself without cracking on the outside of the bent 

ortion. 
; 7. Test Specimens. Tension and bend test specimens shall be of the full-size section of 
material as rolled. 

8. Number of Tests. (a) Two tension, two cold-bend, and two quench-bend tests shall be 
made from each melt, each of which shall conform to the requirements specified. 

(b) If any test specimen develops flaws, or if a tension test specimen breaks outside the middle 
third of the gage length, it may be discarded and another specimen substituted. 


IV. PERMISSIBLE VARIATIONS IN GAGE. 


9. Permissible Variations. The gage of each bar shall not vary more than 0.01 in. from that 
specified. 


V. WORKMANSHIP AND FINISH. 


to. Workmanship. The finished bars shall be circular within 0.01 in. 
ed bee jag The finished bars shall be free from injurious defects, and shall have a workman- 
ike finish. 


VI. MARKING. 


12. Marking. Rivet bars shall, when loaded for shipment, be properly separated and marked 
with the name or brand of the manufacturer and the melt number for identification. The melt 
number shall be legibly marked, by stamping if practicable, on each test specimen. 


VII. INSPECTION AND REJECTION. 


13. Inspection. The inspector representing the purchaser shall have free entry, at all times 
while work on the contract of the purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the bars ordered. The manufacturer shall afford the 
inspector, free of cost, all reasonable facilities to satisfy him that the bars are being furnished in 
accordance with these specifications. All tests (except check analyses) and inspection shall be 
made at the place of manufacture prior to shipment, unless otherwise specified, and shall be so 
conducted as not to interfere unnecessarily with the operation of the works. 

14. Rejection. (a) Unless otherwise specified, any rejection based on tests made in accord- 
ance with Section 4 shall be reported within five working days from the receipt of samples. 

(b) Bars which show injurious defects subsequent to their acceptance at the manufacturer’: 
works will be rejected, and the manufacturer shall be notified. 

15. Rehearing. Samples tested in accordance with Section 4, which represent rejected bars, 
shall be preserved for two weeks from the date of the test report. In case of dissatisfaction with 
the results of the tests, the manufacturer may make claim for a rehearing within that time. 


B. Requirements for Rivets. 
I. PHYSICAL PROPERTIES AND TESTS. 


16. Tension Tests. The rivets, when tested, shall conform to the requirements as to tensile 
properties specified in Section 5, except that the elongation shall be measured on a gage length not 
less than four times the diameter of the rivet. 

17. Bend Tests. The rivet shank shall bend cold through 180 degrees flat on itself without 
cracking on the outside of the bent portion. 

18. Flattening Tests. The rivet heads shall flatten, while hot, to a diameter 2} times the 
diameter of the shank without cracking at the edges. 

19. (a) When specified, one tension test shall be made from each size in each lot of rivets 
offered for inspection. : 
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(b) Three bend and three flattening tests shall be made from each size in each lot of rivets 
offered for inspection, each of which shall conform to the requirements specified. 


II. WORKMANSHIP AND FINISH. 


20. Workmanship. Rivets shall be true to form, concentric, and shall be made in a work- 
manlike manner. 
21. Finish. The finished rivets shall be free from injurious defects. 


III]. INSPECTION AND REJECTION. 


22. Inspection. The inspector representing the purchaser shall have free entry, at all times 
while work on the contract of the purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the rivets ordered. The manufacturer shall afford the 
inspector, free of cost, all reasonable facilities to satisfy him that the rivets are being furnished in 
accordance with these specifications. All tests and inspection shall be made at the place of manu- 
. facture prior to shipment, unless otherwise specified, and shall be so conducted as not to interfere 
unnecessarily with the operation of the works. 

23. Rejection. Rivets which show injurious defects subsequent to their acceptance at the 
manufacturer’s works will be rejected, and the manufacturer shall be notified. 


STANDARD SPECIFICATIONS FOR BILLET-STEEL REINFORCEMENT BARS* 
OF THE 
AMERICAN SOCIETY FOR TESTING MATERIALS. 
ADOPTED AUGUST 25, 1913. 


1. Classes. (a) These specifications cover three classes of billet-steel concrete reinforcement 
bars, namely: plain, deformed, and cold-twisted. 

(b) Plain and deformed bars are of two grades, namely: structural steel and hard. 

2. Basis of Purchase. (a) The hard grade will be used only when specified. 

(6) If desired, cold-twisted bars may be purchased on the basis of tests of the hot-rolled bars 
before twisting, in which case such tests shall govern and shall conform to the requirements speci- 
fied for plain bars of structural steel grade. 


I. .MANUFACTURE, 


3. Process. (a) The steel may be made by the Bessemer or the open-hearth process. 

(0) The bars shall be rolled from new billets. No rerolled material will be accepted. 

4. Cold-twisted Bars. \ Cold-twisted bars shall be twisted cold with one complete twist in a 
length not over 12 times the thickness of the bar. 


II. CHEMICAL PROPERTIES AND TESTS. 


. Chemical Composition. The steel shall conform to the following requirements as to 
5 shetee 
chemical composition: 
: Bessemer......... not over 0.10 per cent 
Phosphorus Open-hearth....... ee OcO5ee +: 


6. Ladle Analyses. An analysis to determine the percentage of carbon, manganese, phos- 
phorus and sulphur, shall be made by the manufacturer from a test ingot taken during the pouring 
of each melt, a copy of which shall be given to the purchaser or his representative. This analysis 
shall conform to the requirements specified in Section 5. 

7. Check Analyses. Analyses may be made by the purchaser from finished bars representing 
each melt of open-hearth steel, and each melt, or lot of ten tons, of Bessemer steel, in which case an 
excess of 25 per cent above the requirements specified in Section 5 shall be allowed. 


III. PHYSICAL PROPERTIES AND TESTS. 


8. Tension Tests. (a) The bars shall conform to the following requirements as to tensile 
properties: : 


*For the American Railway Engineering Association specifications for steel reinforcement, 
see Chapter VI, p. 272. E 
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TENSILE PROPERTIES. 


Plain Bars. Deformed Bars. 


Cold-twisted 
B 


Structural Steel | Hard Grade. | Structural Steel | yard Grade. ars. 
Grade. Grade. 


Properties Considered. 


Tensile strength, lb. Q 
per sq. in 55,000-70,000 | 80,000 min. | §5,000-70,000 | 80,000 min. |Recorded 


only. 
Yield point, min., lb. 
per sq. in 33,000 50,000 33,000 50,000 55,000 


Elongation in 8 in., 
min., per cent. .... 


1,400,000! 1,200,000! 1,250,000! 1,000,000! 
Tens. str. Tens. str. Tens. str. _ Tens. str. 


5 


(0) The yield point shall be determined by the drop of the beam of the testing machine. 

9. Modifications in Elongation. (a) For plain and deformed bars over 3 in. in thickness 
or diameter, a deduction of 1 from the percentages of elongation specified in Section 8 (a) shall be 
made for each increase of } in. in thickness or diameter above ? in. 

(6) For plain and deformed bars under %5 in. in thickness or diameter, a deduction of 1 from * 
the percentages of elongation specified in Section 8 (a) shall be made for each decrease of 5 in. in 
thickness or diameter below 75 in. 

10. Bend Tests. The test specimen shall bend cold around a pin without cracking on the 
outside of the bent portion, as follows: 


BenD TEST REQUIREMENTS. 


Plain Bars. Deformed Bars. 


Thickness or Diameter of Bar. eee emeTTe Cold: twisted 
Steel Grade, |) ae BSS sect. Grade (ce ee 


Under $ in : . ng ae. : a tee 
go deg. : 180 deg. 
d=2t P d= 3t 


2 in. or over 


ExpLanatory Note: d = the diameter of pin about which the specimen is bent; 
t = the thickness or diameter of the specimen. 


11. Test Specimens. (a) Tension and bend test specimens for plain and deformed bars 
shall be taken from the finished bars, and shall be of the full thickness or diameter of material as 
rolled; except that the specimens for deformed bars may be machined for a length of at least 9 in., 
if deemed necessary by the manufacturer to obtain uniform cross-section. : 

(b) Tension and bend test specimens for cold-twisted bars shall be taken from the finished 
bars, without further treatment; except as specified in Section 2 (bd). 

12. Number of Tests. (a) One tension and one bend test shall be made from each melt of 
open-hearth steel, and from each melt, or lot of ten tons, of Bessemer steel; except that if material 
from one melt differs # in. or more in thickness or diameter, one tension and one bend test shall be 
made from both the thickest and the thinnest material rolled. 

(b) If any test specimen shows defective machining or develops flaws, or if a tension test 
specimen breaks outside the middle third of the gage length, it may be discarded and another 
specimen substituted. ; 


IV. PERMISSIBLE VARIATIONS. IN WEIGHT. 


13. Permissible Variations. The weight of any lot of bars shall not vary more than 5 per 
cent from the theoretical weight of that lot. 


1See Section 9. 
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V. FINISH. 
14. Finish. The finished bars shall be free from injurious defects and shall have a workman- 


like finish. 
VI. INSPECTION AND REJECTION. 


15. Inspection. The inspector representing the purchaser shall have free entry, at all times 
while work on the contract of the purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the bars ordered. The manufacturer shall afford the 
inspector, free of cost, all reasonable facilities to satisfy him that the bars are being furnished in 
accordance with these specifications. All tests (except check analyses) and inspection shall be 
made at the place of manufacture prior to shipment, unless otherwise specified, and shall be so 
conducted as not to interfere unnecessarily with the operation of the works. 

16. Rejection. (a) Unless otherwise specified, any rejection based on tests made in accord- 
ance with Section 7 shall be reported within five working days from the receipt of samples. _ 

(b) Bars which show injurious defects subsequent to their acceptance at the manufacturer’s 
works will be rejected, and the manufacturer shall be notified. 

17. Rehearing. Samples tested in accordance with Section 7, which represent rejected bars, 
shall be preserved for two weeks from the date of the test report. In case of dissatisfaction with 
the results of the tests, the manufacturer may make claim for a rehearing within that time. 


STANDARD SPECIFICATIONS FOR RAIL-STEEL REINFORCEMENT BARS 
OF THE 
AMERICAN SOCIETY FOR TESTING MATERIALS. 
ADOPTED AUGUST 25, I9I3. 
1. Classes. These specifications cover three classes of rail-steel concrete reinforcement bars, 
namely: plain, deformed, and hot-twisted. 
I. MANUFACTURE. 


2. Process. The bars shall be rolled from standard section Tee rails. 
3. Hot-twisted Bars. Hot-twisted bars shall have one complete twist in a length not over 
12 times the thickness of the bar. 


Il. PHYSICAL PROPERTIES AND TESTS. 


4. Tension Tests. (a) The bars shall conform to the following minimum requirements as to 
tensile properties: 


Properties Considered. Plain Bars. Deformed and Hot-twisted Bars. 


Tensile strength, Ib. per sq. in....... 80,000 80,000 


Yield point, lb. per sq. in 50,000 50,000 
1,200,000 1,000,000 


Elongation in 8 in., per cent? 
e oy Tens. str. Tens. str. 


_(b) The yield point shall be determined by the drop of the beam of the testing machine. 

5. Modifications in Elongation. (a) For bars over } in. in thickness or diameter, a deduction 
of 1 from the percentages of elongation specified in Section 4 (a) shall be made for each increase 
of 4 in. in thickness or diameter above # in. 

(6) For bars under 7% in. in thickness or diameter, a deduction of 1 from the percentages of 
elongation specified in Section 4 (a) shall be made for each decrease of yg in. in thickness or di- 
ameter below 7% in. ware: 

6. Bend Tests. The test specimen shall bend cold around a pin without cracking on the 
outside of the bent portion, as follows: 


1See Section 5. 
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_ Thickness or Diameter of Bar. Plain Bars. Deformed and Hot-twisted Bars. 


180 deg. 180 deg. 
d=3t d=4t 
go deg. go deg. 
d=3t d=4t 


Expianatory Note: d=the diameter of pin about which the specimen is bent; 
t=the thickness or diameter of the specimen. 


7. Test Specimens. (a) Tension and bend test specimens for plain and deformed bars shall 
be taken from the finished bars, and shall be of the full thickness or diameter of bars as rolled; 
except that the specimens for deformed bars may be machined for a length of at least 9 in., if 
deemed necessary by the manufacturer to obtain uniform cross-section. 

(6) Tension and bend test specimens for hot-twisted bars shall be taken from the finished 
bars, without further treatment. 

8. Number of Tests. (a) One tension and one bend test shall be made from each lot of ten 
tons or less of each size of bar rolled from rails varying not more than 10 lb. per yd. in nominal 
weight. 

(6) If any test specimen shows defective machining or develops flaws, or if a tension test 
specimen breaks outside the middle third of the gage length, it may be discarded and another 
specimen substituted. 


III. PERMISSIBLE VARIATIONS IN WEIGHT. 


9. Permissible Variations. The weight of any lot of bars shall not vary more than 5 per cent 
from the theoretical weight of that lot. 


IV. FINISH. 


10. Finish. The fnieie bars shall be free from injurious defects and shall have a workman? 
like finish. 


V. INSPECTION AND REJECTION. 


11. Inspection. The inspector representing the purchaser shall have free entry, at all times 
while work on the contract of the purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the bars ordered. The manufacturer shall afford the 
inspector, free of cost, all reasonable facilities to satisfy him that the bars are being furnished in 
accordance.with these specifications. All tests and inspection shall be made at the place of manu- 
facture prior to shipment, unless otherwise specified, and shall be so conducted as not to interfere 
unnecessarily with the operation of the works. 

12, Rejection. Bars which show injurious defects subsequent to their acceptance at the 
manufacturer’s works will be rejected, and the manufacturer shall be notified. 


STANDARD SPECIFICATIONS FOR STEEL CASTINGS 
OF THE 
AMERICAN SOCIETY FOR TESTING MATERIALS 
ADOPTED AUGUST 25, 1913. 


1. Classes. These specifications cover two classes of castings, namely: 

Class A, ordinary castings for which no physical requirements are specified; 

Class B, castings for which physical requirements are specified. These are of three grades: 
hard, medium, and soft. 

2. Patterns. (a) Patterns shall be made so that sufficient finish is allowed to provide for all 
variations in shrinkage. i 

(b) Patterns shall be painted three colors to represent metal, cores, and finished surfaces. 
It is recommended that core prints shall be painted black and finished surfaces red. 

3. Basis of Purchase. The purchaser shall indicate his intention to substitute the test to 
destruction specified in Section 11 for the tension and bend tests, and shall designate the patterns 
from which castings for this test shall be made. 
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I. MANUFACTURE. 


4. Process. The steel may be made by the open-hearth, crucible, or any other process 
approved by the purchaser. 

5. Heat Treatment. (a) Class A castings need not be annealed unless otherwise specified. 

(b) Class B castings shall be allowed to become cold. They shall then be uniformly reheated 
to the proper temperature to refine the grain (a group thus reheated being known as an “ annealing 
charge’), and allowed to cool uniformly and slowly. If, in the opinion of the purchaser or his 
representative, a casting is not properly annealed, he may at his option require the casting to be 


re-annealed. 
Il. CHEMICAL PROPERTIES AND TESTS. 


6. Chemical Composition. The castings shall conform to the following requirements as to 
chemical composition: 


Crass A. Cass B. 
(Carbone. coe cece oC not over 0.30 per cent ay 
PhoOsphorliseeycs cscs tea casas ae OLO0 ears not over 0.05 per cent 
Sel MOD iS eeneaoledinna 6 on ick Sete PL EOLO5 es 


7. Ladle Analyses. An analysis to determine the percentages of carbon, manganese, phos- 
phorus and sulphur shall be made by the manufacturer from a test ingot taken during the pouring 
of each melt, a copy of which shall be given to the purchaser or his representative. This analysis 
shall conform to the requirements specified in Section 6. Drillings for analysis shall be taken not 
less than + in. beneath the surface of the test ingot. 

8. Check Analyses. (a) Analyses of Class A castings may be made by the purchaser, in 
which case an excess of 20 per cent above the requirement as to phosphorus specified in Section 6 
shall be allowed. Drillings for analysis shall be taken not less than ¢ in. beneath the surface. 

(b) Analyses of Class B castings may be made by the purchaser from a broken tension or 
bend test specimen, in which case an excess of 20 per cent above the requirements as to phos- 
phorus and sulphur specified in Section 6 shall be allowed. Drrillings for analysis shall be taken 
not less than } in. beneath the surface. 


III. PHYSICAL PROPERTIES AND TESTS. 


(For CLass B CAsTINGs ONLY.) 


9. Tension Tests. (a) The castings shall conform to the following minimum requirements 
as to tensile properties: 


Harp. MEDIUM. Sort. 
Wensileistrencth, Hp. Pek Seas .to. ee neler ee ec osey ior le 80 000 70 000 60 000 
DAeId moint lbs PEL iSC elites <fey-varate tenia dele eelelele east ie a 36 000 31 500 27 000 
IDI oyryaua Gnnneod boy joss Ceikee pose oawn en Ooo Tore ob] aoanee 15 18 22 
RECUGEION OlsATCA eae 5 cae Ue crtuc yen terete es ser i ie iageieekoichne uciet sie 20 25 30 


(b) The yield point shall be determined by the drop of the beam of the testing machine. 

10. Bend Tests. (a) The test specimen for soft castings shall bend cold through 120 deg., 
and for medium castings through 90 deg., around a I-in. pin, without cracking on the outside of 
the bent portion. 

(6) Hard castings shall not be subject to bend test requirements. 

11. Alternative Tests to Destruction. In the case of small or unimportant castings, a test to 
destruction on three castings from a lot may be substituted for the tension and bend tests. This 


“” 


Wen a 9 AY nn nn = enn nn an nn nnn nnn 


test shall show the material to be ductile, free from injurious defects, and suitable for the purpose 
intended. A lot shall consist of all castings from one melt, in the same annealing charge. 

12. Test Specimens. (a) Sufficient test bars, from which the test specimens required in 
Section 13 (a) may be selected, shall be attached to castings weighing 500 Ib. or over, when the 
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design of the castings will permit. If the castings weigh less than 500 Ib., or are of such a design 
that test bars cannot be attached, two test bars shall be cast to represent each melt; or the quality 
of the castings shall be determined by tests to destruction as specified in Section 11. All test 
bars shall be annealed with the castings they represent. 

(6) The manufacturer and purchaser shall agree whether test bars can be attached to castings, 
on the location of the bars on the castings, on the castings to which bars are to be attached, and 
on the method of casting unattached bars. 

(c) Tension test specimens shall be of the form and dimensions shown in Fig. 1. Bend test 
specimens shall be machined to 1 by 3 in. in section with corners rounded to a radius not over 3 in. 

13. Number of Tests. (a) One tension and one bend test shall be made from each annealing 
charge. If more than one melt is represented in an annealing charge, one tension and one bend 
test shall be made from each melt. : 

(b) If any test specimen shows defective machining or develops flaws, or if a tension test 
specimen breaks outside the gage length, it may be discarded; in which case the manufacturer and 
the purchaser or his representative shall agree upon the selection of another specimen in its stead. 


IV. WORKMANSHIP AND FINISH. 


14. Workmanship. The castings shall substantially conform to the sizes and shapes of the 
patterns, and shall be made in a workmanlike manner. 

15. Finish. (a) The castings shall be free from injurious defects. 

(6) Minor defects which do not impair the strength of the castings may, with the approval 
of the purchaser or his representative, be welded by an approved process. The defects shall first 
be cleaned out to solid metal; and after welding, the castings shall be annealed, if specified by the 
purchaser or his representative. 

(c) The castings offered for inspection shall not be painted or covered with any substance 
that will hide defects, nor rusted to such an extent as to hide defects. 


V. INSPECTION AND REJECTION. 


16. Inspection. The inspector representing the purchaser shall have free entry, at all times 
while work on the contract of the purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the castings ordered. The manufacturer shall afford the 
inspector, free of cost, all reasonable facilities to satisfy him that the castings are being furnished 
in accordance with these specifications. All tests (except check analyses) and inspection shall be 
made at the place of manufacture prior to shipment, unless otherwise specified, and shall be so 
conducted as not to interfere unnecessarily with the operation of the works. 

17. Rejection. (a) Unless otherwise specified, any rejection based on tests made in accord- 
ance with Section 8 shall be reported within five working days from the receipt of samples. 

(6) Castings which show injurious defects subsequent to their acceptance at the manu- 
facturer’s works will be rejected, and the manufacturer shall be notified. 

18. Rehearing. Samples tested in accordance with Section 8, which represent rejected 
castings, shall be preserved for two weeks from the date of the test report. In case of dissatis- 
faction with the results of the tests, the manufacturer may make claim for a rehearing within that 
time. 

VI. SPECIAL REQUIREMENTS FOR CASTINGS FOR SHIPS. 


19. Castings for Ships. In addition to the preceding requirements, castings for ships, when 
so specified, shall conform to the following requirements? 

20. Heat Treatment. All castings shall be annealed. 

21. Number of Tests. (a) One tension and one bend test shall be made from each of the — 
following castings: stern frames, stern posts, twin screw spectacle frames, propellor shaft brackets, 
rudders, steering quadrants, tillers, stems, anchors, and other castings when specified. 

(6) When a casting is made from more than one melt, four tension and four bend tests shall - 
be made from each casting. 

22. Percussion Tests. (a) A percussion test shall be made on each of the following castings: 
stern frames, stern posts, twin screw spectacle frames, propellor shaft brackets, rudders, steering 
quadrants, tillers, stems, anchors, and other castings when specified. 

(6) For this test, the casting shall be suspended by chains and hammered all over with a 
hammer of a weight approved by the purchaser or his representative. If cracks, flaws, defects, 
or weakness appear after such treatment, the casting will be rejected. 


VII. SPECIAL REQUIREMENTS FOR CASTINGS FOR RAILWAY ROLLING STOCK, 


23. Castings for Railway Rolling Stock. Castings for railway rolling stock, when so specified, 
shall conform to the requirements for Class B castings, Sections 1 to 18, inclusive, except that 
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check analyses made in accordance with Section 8 (0) shall conform to the requirements as to 
phosphorus and sulphur specified in Section 6. 

CORROSION OF IRON AND STEEL.—TIf iron or steel is left exposed to the atmosphere 
it unites with oxygen and water to form rust. Where the metal is further exposed to the action 
of corrosive gases the rate of rusting is accelerated but the action is similar to that of ordinary 
rusting. Neither dry air nor water free from oxygen has any corrosive effect. While not essential 
to corrosion acids greatly hasten its action. It seems evident that some weak electrolysis is 
essential for corrosive action. Where iron or steel are in contact with water electrolytic action 
will always take place, although the amount is very small under ordinary conditions. Where a 
considerable electrolytic force exists the corrosion is greatly hastened. The increase in the use 
of electricity has doubtless had a tendency to increase the corrosion of iron and steel and to make 
the problem of the preservation of iron and steel from corrosion of great importance. 

In an article on “ The Corrosion of Iron’’ in Proceedings of American Society for Testing 
Materials, vol. VII, 1907, pages 211 to 228, Mr. Allerson S. Cushman shows that the two factors 
without which the corrosion of iron is impossible are electrolysis and the presence of hydrogen 
in the electrolyzed or ‘ionic’ condition. The electrolytic action can only take place in the 
presence of oxygen or some other oxidizing agent. Rust is a hydroxide of iron—ferric hydroxide, 
FeO3Hs. The corrosion of iron or steel may be prevented or retarded by covering it with a coating 
that will protect it from the water or the air. 

It is commonly believed, with good reason, that cast iron corrodes less rapidly than either 
wrought iron or steel. The graphite in the cast iron and the silicious coating that the cast iron 
receives in molding doubtless assist in protecting the cast iron from corrosion. 

It is also commonly believed that steel corrodes more rapidly than wrought iron. The tests 
that have been made to determine the relative corrosion of wrought iron and steel are very con- 
flicting, but it appears certain that the difference in the corrosion of well made steel and well made 
wrought iron is very slight. The acid test as a measure of natural corrosion has been used, es- 
pecially by firms manufacturing and selling ‘ingot iron’ (very low carbon Bessemer or open- 
hearth steel). Committee A-5 on the Corrosion of Iron and Steel of the American Society for 
Testing Materials in the Proceedings of the Society, vol. XI, 1911, page 100, states that it considers 
the acid test as unreliable as a measure of natural corrosion and does not recommend its use. 

In the paper on ‘‘ The Corrosion of Iron” above referred to, Mr. Cushman states:—‘‘ A 
very widespread impression prevails that charcoal iron or a puddled wrought iron are more re- 
sistant to corrosion than steel manufactured by the Bessemer and open-hearth processes. It is 
by no means certain that this is the case, but it would follow from the electrolytic theory that in 
order to have the highest resistance to corrosion a metal should either be as free as possible from 
certain impurities, such as manganese, or should be so homogeneous as not to retain localized 
positive and negative nodes for a long time without change. Under the first condition iron would 
appear to have the advantage, but under the second much would depend upon the care exercised 
in manufacture, whatever process was used.” : 


cee 


From the preceding discussion it would appear that neither ‘“ ingot iron’ nor wrought iron 
has any advantage in resisting corrosion over a well made structural steel. 

PAINT.*—The paints in use for protecting structural steel may be divided into oil paints, 
tar paints, asphalt paints, varnishes, lacquers, and enamel paints. The last two mentioned are 
too expensive for use on a large scale and will not be considered. 


OIL PAINTS.—An oil paint consists of a drying oil or varnish and a pigment, thoroughly 
mixed together to form a workable mixture. ‘A good paint is one that is readily applied, has 
good covering powers, adheres well to the metal, and is durable.” The pigment should be inert 
to the metal to which it is applied and also to the oil with which it is mixed. Linseed oil is com- 
monly used as the varnish or vehicle in oil paints, and is unsurpassed in durability by any other 
drying oil. Pure linseed oil will, when applied to a metal surface, form a transparent coating that 
offers considerable protection for a time, but is soon destroyed by abrasion and the action of the . 
elements. To make the coating thicker, harder and more dense, a pigment is added to the oil. 
An oil paint is analogous to concrete, the linseed oil and pigment in the paint corresponding to the 


* This discussion on paints is taken from the author’s ‘‘ The Design of Steel Mill Buildings.” 
34 : 
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cement and the aggregate in the concrete. The pigments used in making oil paints for protecting 
metal may be divided into four groups as follows: (1) lead; (2) zinc; (3) iron; (4) carbon. 

Linseed Oil.—Linseed oil is made by crushing and pressing flaxseed. The oil contains some 
vegetable impurities when made, and should be allowed to stand for two or three months to purify 
and settle before being used. In this form the oil is known as raw linseed oil, and is ready for use. 
Raw linseed oil dries (oxidizes) very slowly and for that reason is not often used in a pure state for 
structural iron paint. The rate of drying of raw linseed oil increases with age; an old oil being 


very much better for paint than that which has been but recently extracted. Raw linseed oil ~ 


can be made to dry more rapidly by the addition of a drier or by boiling. Linseed oil dries by 
oxidation and not by evaporation, and therefore any material that will make it take up oxygen 
more rapidly is a drier. A common method of making a drier for linseed oil is to put the linseed 
oil in a kettle, heat it to a temperature of 400 to 500 degrees F., and stir in about four pounds of 
red lead or litharge, or a mixture of the two, to each gallon of oil. This mixture is then thinned 
down by adding enough linseed oil to make four gallons for each gallon of raw oil first put in the 
kettle. The addition of four gallons of this drier to forty gallons of raw oil will reduce the time of 
drying from about five days to twenty-four hours. A drier made in this way costs more than the 
pure linseed oil, so that driers are very often made by mixing lead or manganese oxide with rosin 
and turpentine, benzine, or rosin oil. These driers can be made for very much less than the price 
of good linseed oil, and are used as adulterants; the more of the drier that is put into the paint, the 
quacker it will dry and the poorer it becomes. Japan drier is often used with raw oil, and when this 
or any other drier is added to raw oil in barrels, the oil is said to be “‘ boiled through the bung-hole.”’ 

Boiled linseed oil is made by heating raw oil, to which a quantity of red lead, litharge, sugar of 
lead, etc., has been added, to a temperature of 400 to 500 degrees F., or by passing a current of 
heated air through the oil. Heating linseed oil to a temperature at which merely a few bubbles 
rise to the surface makes it dry more rapidly than the unheated oil; however, if the boiling is con- 
tinued for more than a few hours the rate of drying is decreased by the boiling. Boiled linseed 
oil is darker in color than raw oil, and is much used for outside paints. It should dry in from 12 to 


24 hours when spread out in a thin film on glass. Raw oil makes a stronger and better film than: 


boiled oil, but it dries so slowly that it is seldom used for outside work without the addition of a 
drier. : == 

Lead.—White Lead (hydrated carbonate of lead—specific gravity 6.4) is used for interior and 
exterior wood work. White lead forms an excellent pigment on account of its high adhesion and 
covering power, but it is easily darkened by exposure to corrosive gases and rapidly disintegrates 
under these conditions, requiring frequent renewal. It does not make a good bottom coat for 
other paints, and if it is to be used at all for metal work it should be used over another paint. 

Red Lead (minium; lead tetroxide—specific gravity 8.3) is a heavy, red powder approxi- 
mating in shade to orange; is affected by acids, but when used as a paint is very stable in light and 


under exposure to the weather. Red lead is seldom adulterated, about the only substance used. 


for the purpose being red oxide. Red lead is prepared by changing metallic lead ‘into monoxide 
litharge, and converting this product into minium in calcining ovens. Red lead intended for 
paints must be free from metallic lead. One ounce of lampblack added to one pound of red lead 
changes the color to a deep chocolate and increases the time of drying. This compound when 
mixed in a thick paste will keep 30 days without hardening. 

Zinc.—Zinc white (zinc oxide—specific gravity 5.3) is a white loose powder, devoid of smell 
or taste and has a good covering power. Zinc paint.has a tendency to peel, and when exposed 
there is a tendency to form a zinc soap with the oil which is easily washed off, and it therefore does 
not make a good paint. However, when mixed with red oxide of lead in the proportions of 1 lead 
to 3 zinc, or 2 lead to 1 zinc,and ground with linseed oil, it makes a very durable paint for,metak 
surfaces. This paint dries very slowly, the zinc acting to delay hardening about the same as 
lampblack. : 


Iron Oxide.—Iron oxide (specific (nee 5) is composed of anhydrous sesquioxide (hematite) — 
i 


and hydrated sesquioxide of iron (iron rust). The anhydrous oxide is the characteristic 
ingredient of this pigment and very little of the hydrated oxide should be present. Hydrated 
sesquioxide of iron is simply iron rust, and it probably acts as a carrier of oxygen and accele- 
‘rates corrosion when it is present in considerable quantities. Mixed with the iron ore are 


various other ingredients, such as clay, ocher and earthy materials, which often form 50 to 75 - 


per cent of the mass. Brown and dark red colors indicate the anhydrous oxide and are considered 


the best. Bright red, bright purple and maroon tints are characteristic of hydrated oxide and . 


make less durable paints than the darker tints. Care should be used in buying iron oxide to 
see that it is finely ground and is free from clay and ocher. 


Carbon.—The most common forms of carbon in use for paints are lampblack and graphite. 


Lampblack (specific gravity 2.6) is a great absorbent of linseed oil and makes an excellent pigment, 
Graphite (black lead or plumbago—specific gravity 2.4) is a more or less impure form of carbon, 
and when pure is not affected by acids. Graphite does not absorb nor act chemically on linseed 
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oil, so that the varnish simpry holds the particles of pigment together in the same manner as the 
cement in a concrete. There are two kinds of graphite in common use for paints—the granular 
and the flake graphite. The Dixon Graphite Co., of Jersey City, uses a flake graphite combined 
with silica, while the Detroit Graphite Manufacturing Co. uses a mineral ore with a large per- 
centage of graphitic carbon in granulated form.. On account of the small specific gravity of the 
pigment, carbon and graphite paints have a very large covering capacity. The thickness of the 
coat is, however, correspondingly reduced. Boiled linseed oil should always be used with carbon 
igments. 

F Mixing the Paint.—The pigment should be finely ground and should preferably be ground with 
the oil. The materials should be bought from reliable dealers, and should be mixed as wanted. 
If it is not possible to grind the paint, better results will usually be obtained from hand mixed 
paints made of first class materials than from the ordinary run of prepared paints that are supposed 
to have been ground. Many ready mixed paints are sold for less than the price of linseed oil, 
which makes it evident that little if any oil has been used in the paint. The paint should be 
thinned with oil, or if necessary a small amount of turpentine may be added; however turpentine 
is an adulterant and should be used sparingly. Benzine, gasoline, etc., should never be used in paints, 
as the paint dries without oxidizing and then rubs off like chalk. 

Proportions.—The proper proportions of pigment and oil required to make a good paint 
vary with the different pigments, and the methods of preparing the paint; the heavier and the 
more finely ground pigments require less oil than the lighter or coarsely ground while ground 
paints require less oil than ordinary mixed paints. A common rule for mixing paints ground in 
oil isto mix with each gallon of linseed oil, dry pigment equal to three to four times the specific 
gravity of the pigment, the weight of the pigment being given in pounds. This rule gives the 
following weights of pigment per gallon of linseed oil: white lead, 19 to 26 lb.; red lead, 25 to 33 lb.; 
zinc, 15 to 21 lb.; iron oxide, 15 to 20 lb.; lampblack, 8 to 10 lb.; graphite, 8 to to lb. The weights 
of pigment used per gallon of oil varies about as follows: red lead, 20 to 33 lb.; iron oxide, 8 to 
25 lb.; graphite, 3 to 12 lb. 

Covering Capacity.—The covering capacity of a paint depends upon the uniformity and 
thickness of the coating; the thinner the coating the larger the surface covered per unit of paint. 
To obtain any given thickness of paint therefore requires practically the same amount of paint 
whatever its pigment may be. The claims often urged in favor of a particular paint that it has a 
large covering capacity may mean nothing but that an excess of oil has been used in its fabrication. 
An idea of the relative amounts of oil and pigment required, and the covering capacity of different 
paints may be obtained from Table VIII, Chapter XIII. 

Light structural work will average about 250 square feet, and heavy structural work about 
150 square feet of surface per net ton of metal. 

~ Itis the common practice to estimate } gallon of paint for the first coat and } gallon for the 
second coat per ton of structural steel, for average conditions. 

Applying the Paint.—The paint should be thoroughly brushed out with a round brush to 
remove all the air. The paint should be mixed only as wanted, and should be kept well stirred. 
When it is necessary to apply paint in cold weather, it should be heated to a temperature of 130 
to 150 degrees F.; paint should not be put on in freezing weather. Paint should not be applied 
when the surface is damp, or during foggy weather. The first coat should be allowed to stand for 


three or four days, or until thoroughly dry, before applying the second coat. If the second coat 


is applied before the first coat has dried, the drying of the first coat will be very much retarded. 

Cleaning the Surface.—Before applying the paint all scale, rust, dirt, grease and dead paint 
should be removed. The metal may be cleaned by pickling in an acid bath, by scraping and brushing 
with wire brushes, or by means of the sand blast. In the process of pickling the metal is dipped 
in an acid bath, which is followed by a bath of milk of lime, and afterwards the metal is washed 
clean in hot water. The method is expensive and not satisfactory unless extreme care is used in 
removing all traces of the acid. Another objection to the process is that it leaves the metal wet and 
allows rusting to begin before the paint can be applied: The most common method of cleaning 
is by scraping with wire brushes and chisels. This method is slow and laborious. The method of 
cleaning by means of a sand blast has been used to a limited extent and promises much for the 
future. The average cost of cleaning five bridges in Columbus, Ohio, in 1902, was 3 cts. per sq. 
ft. of surface cleaned.* The bridges were old and some were badly rusted. The painters followed 
the sand blast and covered the newly cleaned surface with paint before the rust had time to form. 

Mr. Lilly estimates the cost of cleaning light bridge work at the shop with the sand blast at 
$1.75 per ton, and the cost of heavy bridge work at $1.00 per ton. In order to remove the mill 
scale it has been recommended that rusting be allowed to start before the sand blast is used. One 
of the advantages of the sand blast is that it leaves the surface perfectly dry, so that the paint can 
be applied before any rust has formed. 


*Sand Blast Cleaning of Structural Steel, by G. W. Lilly, Trans. Am. Soc. C. E., Feb., 1903. 
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Priming or Shop Coat.—Engineers are very much divided as to what makes the best priming 
coat; some specify a first coat of pure linseed oil and others a priming coat of paint. Linseed oil 
makes a transparent coating that allows imperfections in the workmanship and rusted spots 
to be easily seen; it is not permanent however, and if the metal is exposed for a long time the oil 
will often be entirely removed before the second coat is applied. It is also claimed that the paint 
will not adhere as well to linseed oil that has weathered as toa good paint. Linseed oil gives better 
results if applied hot to the metal. Another advantage of using oil as a priming coat is that the 
erection marks can be painted over with the oil without fear of covering them up. Red lead paint 
toned down with lampblack is probably used more for a priming coat than any other paint; the 
B. & O. R. R. uses 10 oz. of lampblack to every 12 lb. of red lead. Linseed oil mixed with a small 
amount of lampblack makes a very satisfactory priming or shop coat. - 

Without going further into the controversy it would seem that there is very little choice between 
linseed oil and a good red lead paint for a priming coat. For data on the standard shop paints 
specified by different railroads, see digest of specifications in Chapter IV. 

Finishing Coat.—From a careful study of the question of paints, it would seem that for ordi- 
nary conditions, the quality of the materials and workmanship is of more importance in painting 
metal structures than the particular pigment used. If the priming coat has been properly 
applied there is no reason why any good grade of paint composed of pure linseed oil and a very 
finely ground, stable and chemically non-injurious pigment will not make a very satisfactory finish- 
ing coat. Where the paint is to be subjected to the action of corrosive gases or blasts, however, 
there is certainly quite a difference in the results obtained with the different pigments. The 
graphite and asphalt paints appear to withstand the corroding action of smelter and engine gases 
better than red lead or iron oxide paints; while red lead is probably better under these conditions 
than iron oxide. Portland cement paint or coal tar paint are the only paints that will withstand 
the action of engine blasts. 

To obtain the best results in painting metal structures therefore, proceed as follows: (1) pre- 

are the surface of the metal by carefully removing all dirt, grease, mill scale, rust, etc., and give 
it a priming coat of pure linseed oil or a good paint—red lead seems to be the most used for this 
purpose; (2) after the metal is in place carefully remove all dirt, grease, etc., and apply the finishing 
coats—preferably not less than two coats—giving ample time for each coat to dry before applying 
the next. The separate coats of paint should be of different colors. Painting should not be done 
in rainy weather, or when the metal is damp, nor in cold weather unless special precautions are 
taken to warm the paint. The best results will usually be obtained if the materials are purchased 
in bulk from a responsible dealer and the paint ground as wanted. Good results are obtained with 
many of the patent or ready mixed paints, but it is not possible in this place to go into a discussion 
of their respective merits. i 

ASPHALT PAINT.—Many prepared paints are sold under the name of asphalt that are mix- 
tures of coal tar, or mineral asphalt alone, or combined with a metallic base, or oils, The exact 
compositions of the patent asphalt paints are hard to determine. Black bridge paint made by 
Edward Smith & Co., New York City, contains asphaltum, linseed oil, turpentine and Kauri gum. 
The paint has a varnish-like finish and makes a very satisfactory paint. The black shades of 
asphalt paint are the only ones that should be used. 

COAL TAR PAINT.—Coal tar paint is occasionally used for painting gas tanks, smelters, and 
similar structures that receive rough usage. Coal tar paint mixed as described below has been 
used by the U. S. Navy Department for painting the hulls of ships. It should give satisfactory 
service where the metal is subject to corrosion. The coal tar paint is mixed as follows: The pro- 
portions of the mixture are slightly variable according to the original consistency of the tar, the 
use for which it is intended and the climate in which it is used. The proportions will vary 
between the following proportions in volume. 

Coal Tar. Portland Cement. Kerosene Oil. 

New Orleans: Mixtures ..5\.:s/05:e1teise sisters. cistesrsisteidislaleinte ere 8 I I 

(Anna polis sMIXt line sie iaie, cats. isters ss fe cveyarareiaveravepeeectaaee 16 4 3 


The Portland cement should first be stirred into the kerosene, forming a creamy mixture, 
the mixture is then stirred into the coal tar. The paint should be freshly mixed and kept well 
stirred. This paint sticks well, does not run when exposed to the sun’s rays and is a very satis- 
factory paint for rough work. The cost of the paint will vary from 10 to 20 cts. per gallon, The 
kerosene oil acts as a drier, while the Portland cement neutralizes the coal tar. 

If it is desired to paint with oil paint a structure which has been painted with coal tar paint, 
the surface must be scraped and all the coal tar removed. 

CEMENT AND CEMENT PAINT.—Experiments have ses that a thin coating of Portland 
cement is effective in preventing rust; that a concrete to be effective in preventing rust must be 
dense and made very wet. The steel must be clean when imbedded in the concrete. There is 
quite a difference of opinion as to whether the metal should be painted before being imbedded or 
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not. It is probably best to paint the metal if it is not to be imbedded at once, or is not to be used 
in concrete-steel construction where the adhesion of the cement to the metal is an essential element. 
When the metal is to be imbedded immediately it is better not to paint it. 

Portland Cement Paint.—A Portland cement paint has been used on the High St. viaduct in 
Columbus, Ohio, with good results. The viaduct was exposed to the fumes and blasts from 
locomotives, so that an ordinary paint did not last more than six months even on the least exposed 
portions. The method of mixing and applying the paint is described in Engineering News, 
April 24th and June 5th, 1902, as follows: “ The surface of the metal was thoroughly cleaned with 
wire brushes and files—the bridge had been cleaned with a sand blast the previous year. A thick 
coat of Japan drier was then applied and before it had time to dry a coating was applied as fol- 
lows: Apply with a trowel to the minimum thickness of 7 in. and a maximum thickness of 
Z in. (in extreme cases 3 in.) a mixture of 32 lb. Portland cement, 12 Ib. dry finely ground lead, 4 
to 6 lb. boiled linseed oil, 2 to 3 lb. Japan drier.’’ After a period of about two years the coating 
was in almost perfect condition and the metal under the coating was as clean as when painted. 
The cost of the coating including the hand cleaning, materials and labor was 8 cts. per sq. ft. 


INSTRUCTIONS FOR THE MILL INSPECTION OF STRUCTURAL STEEL.* 


(1) Study the contract and specifications and secure such information concerning the pro- 
posed structure as will permit a full understanding of the use to be made of the various items of the 
order. 

(2) Secure copies of the mill orders, shipping directions and other information concerning the 
material to be inspected. 

(3) Attend promptly when notified of the rolling of material and so conduct the inspection 
and tests as not to interfere unnecessarily with the operations of the mill. 

(4) Have the test specimens prepared and properly stamped with the melt numbers by the 
manufacturer. Observe the selection and stamping of specimens and verify the melt numbers 
when practicable. 

(5) Attend and supervise the making of tensile, bending and drifting tests. Make sure that 
the testing machines are properly handled and that the specified speed of pulling is not exceeded. 
Note the behavior of the metal and check and record the results of the tests. 

(6) Select the bars or other members for full-size tests as specified. Supervise such tests 
and check and record their results. 

(7) Secure from the manufacturer records of the chemical analyses of the melts and accept 
only those in which the specified contents of impurities are not exceeded. 

(8) Secure pieces of the test ingots and test specimens and have check analyses made outside 
of the manufacturers’ laboratory when the analyses furnished by the manufacturer are erratic or 
for any other reason appear to be incorrect. 

(9) Examine each piece of finished material for surface defects before shipment, requiring 
the material to be handled in a manner that will permit the examination to be thorough and 
complete. This inspection should detect evidence of excessive gagging or other injury due to 
cold straightening. 

(10) Report promptly the shipment of any material from the mill, whose surface inspection 
has been waived. Such material should be examined by the shop inspector. 

(11) Verify the section of all material by measurement and by weight. 

(12) Study the operations of the plant and become familiar with the various processes of 
manufacture. 

: Cultivate the acquaintance of the mill employees and become familiar with their work so as 
to have direct knowledge of the mill practice and determine as well as the circumstances permit 
the correctness of the mill practice in so far as it is covered by the specifications. 

(13) Record all tests and analyses on the forms provided. 

(14) Keep informed as to the progress of the work in the shop and endeavor to secure the 
shipment of material at such times and in such order as to avoid delay in the fabrication. 

(15) Secure copies of the shipping lists and compare them with the orders and make regular 
statements of the material that has been rolled and shipped. 

(16) Make reports weekly or as may be directed, submitting complete records of tests, 
analyses and shipments and such other information as may be required. 


* American Railway Engineering Association, Adopted, Vol. 14, 1913. 
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INSTRUCTIONS FOR THE INSPECTION OF THE FABRICATION OF 
STEEL BRIDGES* 


(1) Acquire a full knowledge of the conditions of the contract, such as the time of delivery, 
the railway company’s actual need of the work, the desired order of shipment, and any special 
features in connection with delivery such as the position of the girders or truss members on cars 
at the bridge site. 

(2) Study in advance the plans and specifications and see that all provisions thereof are 
complied with. These instructions are not be construed as altering the specifications in any way. 

Check every finished member against the drawings for its general dimensions and for the 
section of each piece of material forming a component part of the member. 

(3) Endeavor to maintain pleasant relations with foremen and the workmen and by fairness, 
decisiveness and good sense interest them in the successful completion of the work. 

(4) Attend constantly to the work, making inspection during the progress of the work in the 
shop, striving to keep up with the output in order that errors may be corrected before the work 
leaves the shop. y ; 

Attend the weighing of material whenever practicable, especially that purchased on weight 
basis. Check the accuracy of the scales with test weights or by other sufficient means. 

; Conduct the inspection so as not to interfere unnecessarily with the routine operations of the 
shop. 
(5) When unusual circumstances require an explanation of the plans or some variation from 
the specified procedure, take the necessary action promptly. 

(6) Study the field connections, paying particular attention to clearances and making nota- 
tions on the drawings so that they may be checked rapidly. 

: (7) Check all bevels and field rivet holes. 

(8) Give careful attention to the quality of the workmanship, the condition of the plain 
material, accuracy of punching, care in assembling, alignment of rivets, tightness of rivets, ac- 
curacy of finishing of machined joints, painting and general finish. 

(9) Make sure that.reamed holes are truly cylindrical and that drillings are not allowed to 
remain between assembled parts. é : 

(10) Watch for bends, kinks, and twists in the finished members and make certain that when 
leaving the shop they are in proper condition for erection. 

(11) Make sure that the webs of girders do not project beyond the flange angles and that the 
depth of web below the flange angles complies with the specification. 

(12) Allow only the material rolled and accepted for the work to be used therein. 

(13) Have the fabricated material shipped in the correct order for erection and in accordance 
with instructions, as far as practicable. 

(14) Measure the width of each column and the lengths of all girders between columns when 
they are to be placed consecutively in a long row so as to insure that the columns and girders will 
not “ build out ” in erection, so as to exceed the calculated length. 

(15) Check “ rights” and “ lefts ’’ and make sure that the proper number of each is shipped. 

(16) Check base plates of girders before riveting and make sure that the camber is not 
reversed. 

(17) Check the space provided for driving field rivets, allowing sufficient space for the 
penumatic riveter. 

(18) Examine field connections after riveting to insure proper fitting and ease of erection. 

(19) Make sure that shop splices are properly fitted and that matched and milled surfaces 
to transmit bearing are in close contact during riveting as specified. 

(20) Examine and measure bored pinholes carefully to insure proper dimensions and spacing 
and smoothness of finish. 

(21) Measure the spacing center to center of the end connections for sections of I-beam 
floors or any similar construction in which the calculated spacing is liable to be exceeded because 
of the tendency of such work to ‘“‘ grow ’’ as it is assembled. 

(22) Make sure that stringers connecting to floorbeams beneath the flange have sufficient 
clearance to care for their possible over-run in depth. 

(23) Have the assembling of trusses and girder spans required by the specifications carefully 
done and in any case insure the accuracy of field connections. If a large number of duplicate 
parts are to be made, the number of parts to be assembled should be governed by the workmanship. 
If errors are found, a sufficient number of parts should be assembled to make it reasonably certain 
that such errors have been eliminated. 

Have through girder spans with I-beam floors partially assembled and at least one bracket 
bolted in its final position. 


* American Railway Engineering Association, Adopted, Vol. 14, 1913, and Vol. 15, 1914. 
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Have at least one upper and lower shoe of each kind assembled and make sure that there is 
no interference. 

(24) Make sure that iron templets. used for reaming are properly set and held to line. 

(25) Secure match-marking diagrams for work which has been assembled and reamed and 
make sure that the match marks are plainly visible. 

(26) Have proper camber blocking used in assembling trusses and secure the desired camber 
before the reaming is done. 

(27) Require that all treads and supports for the drums of draw spans be carefully leveled 
with an instrument. 

(28) Study carefully the machine details and discriminate between those dimensions which 
must be exact and those in which slight variations are permissible. 

Determine in advance the desired accuracy of driving fits for bolts or keys and similar parts 
and make sure that such accuracy is attained. 

(29) Examine castings carefully for blowholes and other imperfections and discriminate 
between such defects as are unimportant and those which render the castings unfit for use. 

(30) Make sure that bushings, collars and similar parts are held securely in place. 

(31) Make sure that all drum wheels, expansion rollers, turntable rollers and similar parts 
are exact in size, so as to carry equally the loads which may be placed upon them. 

(32) Ascertain in advance that the paint provided complies with specifications. Watch 
ey the painting directions and make sure that paint is properly applied and only where 
intended. 

(33) Verify all shop marks and make sure that they are legible as well as correct. 

(34) Have important members so loaded as to be headed in the right direction upon arrival 
at the site of the work. 

(35) Try a few countersunk head bolts in the holes where they are to be used to insure a 
proper fit. 

(36) Make sure that small pieces are bolted in place for shipment as shown on the plans and 
that other small parts are properly boxed or otherwise secured against loss. 

(37) Make sure that rivets, tie rods, anchor bolts and miscellaneous parts are shipped so as 
to avoid delay in erection. . 

(38) Examine the field rivets to insure that they are free from fins or other defects. 

(39) Exercise special care in the examination of all movable structures and particularly their 
moving parts. 

: (40) Make reports weekly or as directed, exhibiting carefully and concisely the actual con- 
itions. 
_ (41) Observe carefully and report such unusual difficulties as may be encountered and the 
_ means adopted in overcoming them, and endeavor by a study of the details or other means to 
make recommendations which will prevent their recurrence in future work. 


MISCELLANEOUS METALS.—The physical properties of the following metals depend 
upon whether they are cast, rolled, or drawn, and upon the details of manufacture, and the values 
given are therefore approximate. 

Aluminum has a specific gravity of 2.58 to 2.7. The ultimate tensile strength per sq. in. is 
about 15,000 Ib. for cast, 24,000 Ib. for sheet, and 30,000 to 65,000 Ib. for aluminum wire. The 
elastic limit is about } the ultimate strength. The modulus of elasticity is about 11,000,000 lb. 
per sq. in. Aluminum is used in engineering construction principally in the form of an alloy. 

Copper has a specific gravity of 8.6 to 8.9. The ultimate tensile strength varies from 36,000 
to 40,000 Ib. per sq. in. for soft copper wire with an elongation in 10 in. of 35 to 20 per cent; to 
49,000 to 67,000 Ib. ‘per sq. in. for hard-drawn copper wire with an elongation varying from 3.75 
per cent in 10 in., to an elongation of 0.85 per cent in 60 in. Copper is also used in an alloy with 
other metals. > 

Zinc, or spelter, has a specific gravity of about 7.00. The ultimate tensile strength per sq. in. 
varies from 3000 to 8000 Ib. It is used for galvanizing and for-making alloys. 

7 Nickel has a specific gravity of about 8.8. Nickel is used principally in alloys. 

Tin has a specific gravity of about 7.35. Tin is used as a covering for iron and steel sheets and 
in alloys. 

Lead has a specific gravity of about 11.4. Lead is very plastic and flows easily under stress. 

ALLOYS.—An alloy is a combination of two or more metals made by mixing them when in a 
molten condition. Alloys are commonly mechanical mixtures; although some have a slight chem- 
icalunion, The properties of alloys depend not only upon the ingredients, but upon the method and 
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details of manufacture. It is impossible to predict the properties of an alloy from the properties 
of the metals forming it. Many alloys are sold under trade names in which the properties depend 
both on the proportions of the ingredients and upon the details of manufacture. The most im- 
portant alloys used by the structural engineer are as foll<ws: 

Brass is an alloy of copper and zinc in which the copper varies from 60 to 89 per cent, and 
the zinc from 40 to 11 per cent. A small amount of tin is sometimes added to make the brass more 
easily worked. The tensile strength of brass is greatest (about 50,000 lb. per sq. in.) when the 
composition is about 62 per cent copper and 38 per cent zinc; and the ductility and malleability 
are greatest when the composition is about 70 per cent copper and 30 per cent zinc. A widely used 
brass has 3 copper and 3 zinc. 

Delta metal is brass with I to 2 per cent iron. The tensile strength of delta metal is about 
45,000 lb. per sq. in. 

Tobin bronze is brass with 1 to 2 per cent iron, and small amounts of lead and tin. 

Bronzes are alloys of copper and tin or of copper, zinc and tin, and usually have small quan- 
tities of other metals. Bronzes having more than 24 per cent tin are too weak to be used. The 
tensile strength is greatest (23,000 Ib. per sq. in.) when the composition is about 80 per cent copper 
and 20 per cent tin. 

Phosphor bronze is an alloy of copper and tin containing 3 to I percent phosphorus. It makes 
excellent castings and is very hard. The ultimate tensile strength varies from 50,000 to 100,000 
lb. per sq. in. 

Aluminum bronze is an alloy having 5 to 10 per cent aluminum and 95 to 80 per cent copper. 
The tensile strength varies from 75,000 to 100,000 lb. per sq. in. 

Manganese-bronze as specified by the American Society for Testing Materials contains, 
copper 55 to 65 per cent, zinc 39 to 45 per cent, iron not over 2 per cent, tin not over 2 per cent, 
aluminum not over 0.5 per cent, manganese not over 0.5 per cent. The ultimate tensile strength 
of standard test pieces cut from manganese-bronze ingots shall not be less than 70,000 lb. per sq. in., 
with an elongation in 2 in. of not less than 20 per cent. 

TIMBER.—For definitions of terms, standard def.cts, specifications and allowable stresses 
in timber, see Chapter VII. 

STONE MASONRY.—For definitions of terms used in masonry construction and for speci- 
fications for different classes of stone masonry, see Chapter VI. 

For the allowable pressure on masonry, see Table IV, Chapter V, and for the weight, specific 
gravity and crushing strength of masonry, see Table V, Chapter V; also see Table VIII, Chapter 
II. For an exhaustive treatise on brick and stone masonry see Baker’s ‘’ Masonry Construction.” 

CONCRETE.—The average strengths of different mixtures of Portland cement concrete as 
given in Report of the Committee on Reinforced Concrete of the American Society of Civil 
Engineers, 1913, are given in Table II. 


TABLE II. 
STRENGTH OF PORTLAND CEMENT CONCRETE. 

Aggregate T:l:2 1:14:3 1:2:4 1:23:35 1:3:6 
Granite, trap rock 3300 2800 2200 1800 1400 
Gravel, hard limestone and hard sandstone 3000 2500 2000 1600 1300 
Soft limestone and sandstone 2200 1800 1500 1200 1000 
Cinders 800 700 600 500 400. 


Specifications for concrete are given in Chapter V, and specifications for reinforced concrete 
are given in Chapter VI. 

Working Stresses.—The following working stresses have been recommended by the American 
Railway Engineering Association for concrete that will develop an average compressive strength 
of at least 2000 Ib. per sq. in. when tested in cylinders 8 in. in diameter and 16 in. long and 28 days 
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old, under laboratory conditions of manufacture and storage, the mixture being of the same con- 
sistency as is used in the field. 


Lb. per 
Sq. in 
Structural steel in tension........ RP ork ea tee ceo alls sushaneta ws, at ayny oslo) cabo tea etn evens Beads sesehe 14,000 
iertinearbom steel! tmehenslOmmer ce pscsts tots vcs ys cious o 6, = cpord cisions ans ayes 4.0 4.04 5\e see baste hades .. 17,000 
Steel in compression, 15 times the compressive stress in the surrounding concrete. 
Concrete in bearing where the surface is at least twice the loaded area................ 700 
Concrete in direct compression, without reinforcement on lengths not exceeding 6. times 
ee MCasty WiC tli nceenre ern enenae serie ts le a aie weevipe ds. tinh saree ARR e Vo soxtcalerotereiee dake lye 450 
Concrete in direct compression with not less than I per cent nor over 4 per cent longitudinal 
reinforcement on lengths not exceeding 12 times the least width.................. 450 
Concrete in compression, on extreme fiber in cross bending..............ceeeeeeeeees 750 
Concrete in shear, uncombined with tension or compression in the concrete............ 120 
Concrete in shear, where the shearing stress is used as a measure of the web stress...... 40 
Note.—The limit of shearing stresses in the concrete, even when thoroughly reinforced 
for shear and diagonal tension, should not exceed............0. ce cee ee cee eeaes I20 
EGU GEEO Gap Lar MD ALS or aancnstete week te toh Nena ReaeP tele bte dys Aalst atsuave aly. «-o\saial enero she. fe aloyein Twhote we « 80 
EFCUHLGl BEC SanGI EAA WTTA WAT Cw yeeitet eeesick «eat eta INV tease chcab ee Sd a Tak ty tamails ShevsSe) oi 'sup yo dre aubtnle “ale ord ane a 40 
Bond tor deformed bars, depending. on the/form..... ¢ cc. ..cecccieieecisis ose cele ovale ede aes 100-150 


The following working stresses have been recommended by the Committee on Concrete and 
Reinforced Concrete of the American Society of Civil Engineers, Proceedings, vol. XX XIX, 
February, 1913. 


Per cent of com- Lb. per 
pressive strength sq. in. 
SEeeentinal steel 1M ENSION melarcle els sete toch «sie halttere stave, cee eete mae ea baeiles 16,000 


Concrete in compression where the surface is at least twice the loaded area 32.5 
Concrete for concentric compression on a plain concrete column or pier, the 
length of which does not exceed 12 diameters. ..............-0000. 22.5 
Compression on columns with longitudinal reinforcement only, to the 
extent of not less than I per cent and not more than 4 per cent; the 
length of the column shall not exceed 12 diameters............... 22.5 
Compression on columns with reinforcement of bands, hoops or spirals 
having nut less than 1 per cent of the volume of the column, the clear 
spacing of the hooping to be not greater than one-sixth of the diameter 
of the encased column and preferably not greater than one-tenth, and 
in no case more than 23 in., the ratio of the unsupported length of 
column to diameter of hooped core to be not more than 8.......... 27 
Compression on columns reinforced with not less than 1 per cent and not 
more than 4 per cent of longitudinal bars and with bands, hoops or 
spirals as above specified, where the ratio of unsupported length of 
column to diameter of hooped core is not more than 8.............. 32.625 
Compression on extreme fiber of a beam, calculated for constant modulus 
of elasticity (stresses adjacent of the supports of continuous beams 
may ies percent higher)i.n5). Paw. memes oa ee eM elbow oe 32.5 
Shear in béams with horizontal reinforcement or without reinforcement... 2 
Shear in beams thoroughly reinforced with web reinforcement (the web 
reinforcement exclusive of bent-up bars to be designed to resist two- 


third therexternal/shear). Ses. fase iden’. caste cs crass cs clentes 6 
Shear in beams reinforced with bent-up bars, only. .............-+0000e 3 
PLC MINE SHeAr ONLY aeocic ats astetat eater ti thetehs acaeea rate ete ola elas hos sake ees 6 
Bond stress between concrete and plain reinforcing bars.......... Aaoronbee 4 
Bond stress between concrete and drawn wire..... ..........eeeeeuees 2 


The modulus of elasticity to be taken for the design as follows: 
(a) One-fifteenth that of steel where the strength of the concrete is taken as 2200 Ib. per sq. in., 


or less. 
(6) One-twelfth that of steel where the strength of the concrete is taken greater than 2200 lb. 
er sq. in. or less than 2900 Ib. per sq. in. 
(c) One-tenth that of steel where the strength of concrete is taken as greater than 2900 Ib. 
per sq. in. 
In calculating deflection take one-eighth of the modulus of elasticity of steel. + 
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STANDARD SPECIFICATIONS FOR CEMENT 
OF THE 
AMERICAN SOCIETY FOR TESTING MATERIALS. 
ApoprED AUGUST I6, 1909. 


t. General Observations. These remarks have been prepared with a view of pointing out 
the pertinent features of the various requirements and the precautions to be observed in the inter- 
pretation of the results of the tests. 

2. The Committee would suggest that the acceptance or rejection under these specifications 
be based on tests made by an experienced person having the proper means for making the tests. 

3. Specific Gravity. Specific gravity is useful in detecting adulteration. The results of 
tests of specific gravity are not necessarily conclusive as an indication of the quality of a cement, 
but when in combination with the results of other tests may afford valuable indications. 

4. Fineness. The sieves should be kept thoroughly dry. 

5. Time of Setting. Great care should be exercised to maintain the test pieces under as 
uniform conditions as possible. A sudden change or wide range of temperature in the room in 
which the tests are made, a very dry or humid atmosphere, and other irregularities vitally affect 
the rate of setting. 

6. Constancy of Volume. The tests for constancy of volume are divided into two classes, 
the first normal, the second accelerated. The latter should be regarded as a precautionary test 
only, and not infallible. So many conditions enter into the making and interpreting of it that 
it should be used with extreme care. 

7. In making the pats the greatest care should be exercised to avoid initial strains due to 
molding or to too rapid drying-out during the first twenty-four hours. The pats should be pre- 
cena the most uniform conditions possible, and rapid changes of temperature should be 
avoided. 

8. The failure to meet the requirements of the accelerated tests need not be sufficient cause 
for rejection. The cement may, however, be held for twenty-eight days, anda retest made at the 
end of that period, using a new sample. Failure to meet the requirements at this time should be 
considered sufficient cause for rejection, although in the present state of our knowledge it cannot 
be said that such failure necessarily indicates unsoundness, nor can the cement be considered 
entirely satisfactory simply because it passes the tests. 


SPECIFICATIONS. 


1. General Conditions. All cement shall be inspected. 

2. Cement may be inspected either at the place of manufacture or on the work. 

3. In order to allow ample time for inspecting and testing, the cement should be stored in a 
suitable weather-tight building having the floor properly blocked or raised from the ground. 

4. The cement shall be stored in such a manner as to permit easy access for proper inspection 
and identification of each shipment. 

5. Every facility shall be provided by the Contractor and a period of at least twelve days 
allowed for the inspection and necessary tests. 

6. Cement shall be delivered in suitable packages with the brand and name of manufacturer 
plainly marked thereon. 

7. A bag of cement shall contain 94 pounds of cement net. Each barrel of Portland cement 
shall contain 4 bags, and each barrel of natural cement shall contain 3 bags of the above net weight. 

8. Cement failing to meet the seven-day requirements may be held awaiting the results of 
the twenty-eight-day tests before rejection. 

g. All tests shall be made in accordance with the methods proposed by the Committee on 
Uniform Tests of Cement of the American Society of Civil Engineers, presented to the Society 
January 21, 1903, and amended January 20, 1904, and January 15, 1908, with all subsequent amend- 
ments thereto. (See addendum to these specifications.) 

10. The acceptance or rejection shall be based on the following requirements: 


NATURAL CEMENT. 


11. Definition. This term shall be applied to the finely pulverized product resulting from 
the calcination of an argillaceous limestone at a temperature only sufficient to drive off the carbonic 
acid gas. 

12. Fineness. It shall leave by weight a residue of not more than Io per cent on the No. 100, 
and 30 per cent on the No. 200 sieve. 
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13. Time of Setting. It shall not develop initial set in less than ten minutes; and shall not 
develop hard set in less than thirty minutes, or in more than three hours. 

14. Tensile Strength. The minimum requirements for tensile strength for briquettes one 
square inch in cross section shall be as follows, and the cement shall show no retrogression in 
strength within the periods specified: 


Age. Neat Cement. Strength. 
ESPN TES AE) ATLOMS ev NT ewe ees t oie ACCT Tae ces ote cle te aalae ve conale cat Shaieisis! 6/0) otk wl "o: 6 wra'a, ays 75 |b. 
Waays) (day in Moist ait O days) In WALD) excccieng sists Gees melee cls oeee cee we 150 “ 
28 days(r “ SOO tg ae een ey MNRAS « sleeeae sheers ern eeets 250 “ 
One Part Cement, Three Parts Standard Oltawa Sand. 
maays (day, Mi moist any TOrdaysin (water)eiieigcpeussiaela sees ces cee male wea ole 50 Ib. 
28 days(r “ see ye SS leks a oo Raises Gisit.d sete sinters 125 “ 


15. Constancy of Volume. Pats of neat cement about three inches in diameter, one-half 
inch thick at center, tapering to a thin edge, shall be kept in moist air for a period of twenty-four 
hours. 

(a) A pat is then kept in air at normal temperature. 

(6) Another is kept in water maintained as near 70° F. as practicable. 

16. These pats are observed at intervals for at least 28 days, and, to satisfactorily pass the 
tests, shall remain firm and hard.and show no signs of distortion, checking, cracking, or disinte- 

grating. _ 
| a Re, PORTLAND CEMENT. 


17. Definition. This term is applied to the finely pulverized product resulting from the 
calcination to incipient fusion of an intimate mixture of properly proportioned argillaceous and 
calcareous materials, and to which no addition greater than 3 per cent has been made subsequent 
to calcination. 

18. Specific Gravity. The specific gravity of cement shall not be less than 3.10. Should the 
test of cement as received fall below this requirement, a second test may be made upon a sample 
ignited at a low red heat. The loss in weight of the ignited cement shall not exceed 4 per cent. 

19. Fineness. It shall leave by weight a residue of not more than 8 per cent on the No. 100, 
and not more than 25 per cent on the No. 200 sieve. 

20. Time of Setting. It shall not develop initial set in less than thirty minutes; and must 
- develop hard set in not less than one hour, nor more than ten hours. 

21. Tensile Strength. The minimum requirements for tensile strength for briquettes one 
square inch in cross section shall be as follows, and the cement shall show no retrogression in 
strength within the periods specified: 


Age. Neat Cement. Strength. 
BARN OMESSI) MOE leet. enemas ais, aie, Pek meioiaycie rate uyetelsientinisie's)s scnigeldls 9 o-s0ts 175 lb. 
Mcaysicda vin mMOIst aire |G days 1 WAtel). 6 sus Gs siecinc civ ale loc se eee ce nes « 500 ‘ 
28days(r ‘“- Sage oan s Bes NS Sia Gera Be ORI cee 600 “ 
One Part Cement, Three Parts Standard Ottawa Sand. 
aaysardayninanoist.air, O.days/in) Water) ive «act ert cep wenesee Oe ewes 200 lb. 
28 days(i “ ae MY eg: Sele) yom IIe erek cus cs cietares Cyne nations, S Pig 


22. Constancy of Volume. Pats of neat cement about three inches in diameter, one-half 
inch thick at the center, and tapering to a thin edge, shall be kept in moist air for a period of twenty- 
four hours. : 

(a) A pat is then kept in air at normal temperature and observed at intervals for at least 28 


ys. 

(6) Another pat is kept in water maintained as near 70° F. as practicable, and observed at 
intervals for at least 28 days. 

(c) A third pat is exposed in any convenient way in an atmosphere of steam, above boiling 
water, in a loosely closed vessel for five hours. 

23. These pats, to satisfactorily pass the requirements, shall remain firm and hard, and show 
no signs of distortion, checking, cracking, or disintegrating. 

24. Sulphuric Acid and Magnesia. The cement shall not contain more than 1.75 per cent 
of anhydrous sulphuric acid (SO;), nor more than 4 per cent of magnesia (MgO). 
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CHAPTER XVI. 
STRUCTURAL MECHANICS. 


GENERAL NOMENCLATURE.—The following nomenclature will be used for all materials 
except reinforced concrete, for which a special notation is given. 
A = area of cross section. 
1 = length or span. 
L = length or span. 
= breadth of rectangular section. 
d = depth of section; diameter of rivet. 
= thickness of plates, etc. 
= radius of circle. 
= diameter of circle. 
= height of wall. 
= distance from neutral axis to extreme fiber. 
= total deformation in length /, or maximum deflection of beams. 
= unit deformation. 
= horizontal coordinate of elastic curve; variable. 
= vertical coordinate or deflection of elastic curve; variable. 
= eccentricity; efficiency. 
= moment of inertia. 
= polar moment of inertia. 
= product of inertia. 
section modulus. 
radius of gyration. 
= pitch of rivets. 
= concentrated load or total stress in a member. 
= unit fiber stress. 
= unit compressive fiber stress. 
= unit tensile fiber stress. 
= unit shearing fiber stress. 
= total uniformly distributed load; weight of a body. 
= uniformly distributed load per unit of length; load per unit of lengch at a distance 
unity from left end for a uniformly varying load; unit internal pressure. 
R = reactions at supports. 
M, = moment at any section. 
= maximum moment. 
V, = total shear on any section. 
V = maximum total shear. 
E = modulus of elasticity. 
G = shearing modulus of elasticity. « 
r 
we 
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= Poisson’s ratio. 
= compressive stress. 
= tensile stress. 
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REINFORCED CONCRETE NOMENCLATURE. Rectangular Beams, Reinforced for 
Tension Only. 
fs = tensile unit stress in steel, in pounds per square inch. 
fe = compressive unit stress in concrete, in pounds per square inch. 


E, = modulus of elasticity of steel, in pounds per square inch. 
E, = modulus of elasticity of concrete, in pounds per square inch. 
nm = elasticity ratio, H, + E.. 
M = bending moment, in inch-pounds. 
M, = moment of resistance of steel, in inch-pounds. 
M. = moment of resistance of concrete, in inch-pounds. 
A = area of steel section, in square inches. 
b = width of beam, in inches. 
d = depth of beam to center of steel reinforcement, in inches. 
k = ratio of depth of neutral axis to effective depth, d. 
j = ratio of arm of resisting couple to depth, d. 
p = steel ratio (not percentage), A + bd. 
C = total compressive stress in concrete, in pounds. 


T = total tensile stress in steel, in pounds. 
Tee Beams. 
b = width of flange, in inches. 
b’ = width of stem, in inches. 
‘t = thickness of flange, in inches. 
pb = steel ratio (not percentage), A + bd. 
See also ‘‘ Rectangular Beams Reinforced for Tension Only.” 
Rectangular Beams, Reinforced for Compression. 
A’ = area of compressive steel, in square inches. 
p’ = steel ratio for compressive steel, A’ + bd. 
f.’ = unit compressive stress in steel, in pounds per square inch. 
C = total compressive stress in concrete, in pounds. 
C’ = total compressive stress in steel, in pounds. 
T = total tensile stress in steel, in pounds. ' 
d' = depth to center of compressive steel, in inches. 
z = depth to resultant of compressive stresses, in inches. 
See also ‘‘ Rectangular Beams Reinforced for Tension Only.” 
Shear and Bond. 
V = total shear in pounds. 
fv = unit shearing stress in concrete, in pounds per square inch. 
fu = unit bonding stress in concrete, in pounds per square inch. 
Yo = sum of the perimeters of the tension bars, in inches. - 
s = horizontal spacing of stirrups. 
P = total stress carried by one stirrup. 
Columns. 
A = total net area, in square inches. 
A, = area of longitudinal steel, in square inches. 
A, = area of concrete, in square inches. 
p = steel ratio, A, + A. 
P = total axial load, in pounds. 


ll 
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DEFINITIONS.—The following definitions will be of service in a study of structural me- 
chanics. . 

Forces.—Forces are concurrent when their lines of action meet in a point; non-concurrent 
when their lines of action do not meet in a point. Forces are coplanar when they lie in the same 
plane; or non-coplanar when they lie in different planes. Coplanar forces only will be here con- 
sidered. A force is fully defined when its amount, its direction, and position are known, 

Moment of Forces.—The moment of a force about a point is its tendency to produce rotation 
about that point, and is the product of the force and the perpendicular distance of the point from 
the line of action of the force. 

Couple.—A couple is a pair of equal and opposite forces having different lines of action. 
The moment of a couple is equal to the product of one of the forces by the distance between the 
lines of action of the forces, or the arm of the couple. 

Stress.—If a body be conceived to be divided into two parts by a plane traversing it in 
any direction, the force exerted between these two parts at the plane of division is an internal 
stress. Stress is force distributed over an area in such a way as to be in equilibrium. Stresses 
are measured in pounds, tons, etc. 

Unit Stress is the measure of intensity of stress. The unit stress at any point is the number 
of units of stress acting on a unit of area at that point. Unit stresses are expressed in pounds 
per square inch, tons per square foot, etc. 

Ultimate Stress.—Ultimate stress is the greatest stress which can be produced in a body 
before rupture occurs. 

Tension is the name for the stress which tends to prevent the two adjoining parts of a body 
from being pulled apart when the body is acted upon by two forces acting away from each other. 

Compression is the name of the stress which tends to keep two adjoining parts of a body from 
being pushed together under the influence of two forces acting toward each other. 

Shear is the name of the stress which tends to keep two adjoining planes of a body from 
sliding on each other under the influence of two equal and parallel forces acting in opposite direc- 
tions. 

Axial Stresses.—When the external forces producing tension or compression act through 
the center of a gravity of the body the stresses are uniformly distributed over the area, and the 
stresses are axial stresses. 

Simple Stress.—If P = the force producing tension, compression, or shear and A = the 
area over which the stress is distributed, then 


fe= P/A; fo= P/A; f. = P/A, 


where f; is tensile stress, f, is compressive stress, and f, is shearing stress. 

Working Stress.—The working stress for any material is the unit stress that has been found 
by experiment to be safe to allow for that particular material to give a properly designed struc- 
ture. The working stress for any particular structure depends upon the material of which the 
structure is built, the loads that the structure is to carry, the accuracy with which the loads and 
stresses have been calculated, the possible defects in the material, etc. 

Factor of Safety.—The factor of safety is the number by which the ultimate stress must be 
divided to give the working stress. 

. Deformation or Strain is the change in the shape of a body caused by the action of an ex- 
ternal force. Deformation or strain is measured in linear units. Deformation may be due to 
tension, elongation; due to compression, shortening; or due to shear, detrusion or slipping of one 
plane past another. 

Elasticity.—Up to a certain stress in an elastic body it has been found by experiment that 
stress is proportional to strain. This principle is known as “ Hooke’s Law.” The ability of a 
body to return to its original form after deformation is termed elasticity. If the stress in a body 
is carried beyond a certain limit the body does not return to its original form, but a permanent 
set occurs. 
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Elastic Limit.—The elastic limit of a material is the highest unit stress to which that material 
may be subjected and still return to its original shape when the stress is removed, and is the 
limit within which the stresses are directly proportional to the deformations. 

Yield Point.—In testing materials a point is reached beyond the elastic limit where unit 
elongations increase very rapidly without any or with a very slight increase in unit stress. This 
point is indicated by the drop of the scale beam of the testing machine. In steel the yield point 
is from three to six thousand pounds per square inch above the elastic limit. 

Modulus of Elasticity—The modulus of elasticity of a material is the constant, which within 
the elastic limit expresses the ratio between the unit stress and unit strain or deformation. If 
E = modulus of elasticity, P = an axial force; A = cross sectional area of the bar, f = unit 
stress = P/A;A = deformation produced by P in a length /, and 6 = A/l; then 


= (P/A)/(Q/) or E= ffs. 


The modulus of elasticity may be defined as that force, were Hooke’s law applicable without 
limit, which would produce in a bar with a cross section of one square inch a deformation equal 
to its original length. 

The modulus of elasticity of steel is very closely E = 30,000,000 lb. per sq. in.; the modulus 
of elasticity of timber is approximately EZ = 1,500,000 Ib. per sq. in.; while the modula of elas- 
ticity of concrete varies from E = 1,500,000 lb. per sq. in. to E = 3,000,000 Ib. per sq. in! with 
an average value of E = 2,000,000 |b. per sq. in. 

Shearing Modulus of Elasticity——The shearing modulus of elasticity, also called the modulus 
of rigidity, is the modulus expressing the ratio between unit shearing stress and unit shearing 
strain. The value of shearing modulus of elasticity for steél is about % of the value of E, or 
G = 12,000,000 lb. per sq. in. 

Poisson’s Ratio.—Direct stress produces a strain in its own direction and an opposite kind 
of strain in every-direction perpendicular to its own. For example a bar under tensile stress 
extends longitudinally and contracts laterally. Poisson’s ratio is the ratio of lateral strain to 
longitudinal strain, and is a constant below the elastic limit. For steel Poisson’s ratio is } to i, 
while for concrete it is from $ to Yo. 

Rupture Strength.—In testing steel the cross sectional area rapidly decreases, beyond the 
ultimate stress and if the rupture stress be divided by the original cross sectional area the unit 
stress at rupture will be less than the ultimate stress. 

Ultimate Deformation.—The ultimate deformation is the total deformation in a prescribed 
length, commonly 8 inches, or 2 inches. It is usually expressed in per cent for a length of 8 inches, 
or of 2 inches. 

Work or Resilience in a Bar.—The amount of work that can be stored up in a body under 
stress within the elastic limit is called resilience or “ internal work.’ When the external force 
has been gradually applied all the work may be recovered when the force is removed. 

From the law of conservation of energy the external work due to the force is equal to the 
resilience or internal work. Ifa load P is supported at the lower end of a bar without weight, hav- 
ing a length / and a cross sectional area A; then the external work will be 3P-A, where A = the 
total deformation, and the internal work or resilience will be 


(Rif Pl I spe 1(f? 
r=2(5) =!(se) le: 3(§) 44 
when f = elastic limit of the material then }f?/E is termed the Modulus of Resilience. 
Stresses due to Sudden Loads.—In a bar acted on by a static load, P, gradually applied, 
the total resilience will be K =44.P. If the load P is suddenly applied we will have K = A.P, 
from which it is seen that the stress produced by a sudden load is twice that produced by a load 
gradually applied. 
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Impact.—The stresses due to moving loads are greater than the stresses due to loads at rest. 
The increase in stress of the moving load over the load at rest is called impact. For a discussion 
of impact stresses in railway bridges see page 161, Chapter IV. 

STRESSES IN BEAMS.—When a straight beam or bar is supported near the ends and 
carries loads or forces applied transverse to the length of the axis of the beam or bar, the axis 
of the member assumes a curve. The transverse loads or forces are carried by flexure, which is a 
combination of the three simple stresses of tension, compression and shear. For example, a simple 
beam resting horizontally on supports carries a concentrated load. The fibers on the lower or 
convex side of the beam will be elongated and are therefore in tension, while the fibers on the 
upper or concave side are shortened and are therefore in compression. Shear is taking place 
between each vertical plane of the beam and the plane adjoining between the load and each 
support. Since the longitudinal stresses in a simple beam vary from a maximum compression 
on the concave side to a maximum tension on the convex side, the stresses will pass through 
zero on some plane, called the neutral plane or axis. Also since the fibers on each side of the 
neutral axis carry different amounts of stress, they will lengthen or shorten different amounts, 
and there will therefore be horizontal shearing stresses as well as vertical shearing stresses. 

Neutral Surface and Neutral Axis.—Under flexure a beam is curved, and the fibers on the 
concave side are in compression while the fibers on the convex side are in tension. The neutral 
surface is a surface on which the fibers have zero stress, and the neutral axis is the trace of this 
plane on any longitudinal section of the beam. In a simple horizontal beam carrying vertical 
loads the neutral axis passes through the center of gravity of the cross section of the beam, for a 
rectangular beam the neutral axis is at half the height of the beam. Where a beam carries loads 
that are not at right angles to the neutral axis of the beam, the beam is in equilibrium under 
flexure and direct stress, and the neutral axis or line of zero stress will not pass through the center 
of gravity of the cross section of the beam, and may fall entirely outside the beam. A bar carrying 
simple tension or compression may be considered as a beam in which the neutral axis is at an 
infinite distance from the center of gravity of the cross section of the beam. 

Reactions.—For any structure to be in equilibrium, (1) the sum of the horizontal components 
‘of all forces acting on the beam must equal zero, (2) the sum of the vertical components of all 
forces acting on the beam must equal zero, and (3) the sum of the moments about any point of 
all forces acting on the beam must be equal to zero. Having the loads given the reactions can 
be calculated by applying the three conditions of equilibrium. 

Vertical Shear.—The vertical shear in a beam is equal to the algebraic sum of the forces 
(reaction minus the loads) on the left of the section considered. 

Bending Moment.—The bending moment at any section of a beam is equal to the algebraic 
sum of the moments of the reaction and the loads on the left of the section. 

Relations between Shear and Bending Moment.—In a simple beam carrying vertical loads 
the shear is|\a maximum at the supports and passes through zero at some intermediate point in 
the beam. ‘The bending moment is zero at the supports and is a maximum at some intermediate 
point inthe beam. The shear is the algebraic sum of all the forces on the left of a section, while 
the bending moment may be defined as the algebraic sum of all the shearing stresses on the left 
of the section. The definite integral of the loads to the left of the section equals the shear at the 
section, and the definite integral of the shear to the left of the section is equal to the bending 
moment at the section. From the above it will be seen that maximum bending moment will 
come at the point of zero shear. , 

Formulas for Flexure.—Applying the conditions for static equilibrium to any cross section 
of a beam we have, (1) Sum of Tensile Stresses = Sum of Compressive Stresses; (2) Resisting 
Shear = Vertical Shear; (3) Resisting Moment = Bending Moment. 

Resisting Shear.—If the shearing stresses are uniformly distributed the shearing stress 
will be 

fi v= V/A. (1) 
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The shearing stresses are not uniformly distributed and for a rectangular beam f, = V/A, 
while in a circular beam f, = $V/A. 

Resisting Moment.—The bending moment at any section is resisted by the moment of the 
tensile and compressive stresses which act as a couple with an arm equal to the distance between 
the centroids of the tensile and compressive stresses. The moment of this internal couple is 
called the resisting moment. If f = the unit stress at any extreme fiber on the surface of the 
beam due to bending moment, c = distance from that fiber to the neutral axis, and M = the 
bending moment, or the resisting moment, then 


u=ff, or po, (2) 


where I = the moment of inertia of the cross section of the beam. 

Moment of Inertia.—The moment of inertia of any area about any axis is equal to the sum 
of the products obtained by multiplying each differential area, dA, by 2*, the square of the distance 
of each elementary area from the axis, J = 2z@-dA, The moment of inertia of any section is a 
minimum when the axis passes through the center of gravity of the cross section. 

Section Modulus.—In designing beams it is convenient to use the ratio S = I/c, so that 
M =f-S, orf = M/S. The ratio S is known as the section modulus. 

Tables of Moments of Inertia and Section Modulus.—Values of moment of inertia, IJ, and 
section modulus, .S, for different sections are given on pages 548 to 551, inclusive. Values of 
moment of inertia and section modulus of structural shapes are given in Part II. 

Deflection of Beams.—In a simple beam carrying vertical loads the upper fibers are shortened 
and the lower fibers are lengthened, while the fibers on the neutral axis are not changed in length 
but the neutral axis assumed the form of a curve. The differential equation of the elastic curve 
of a horizontal beam carrying vertical loads will be . : 


fy M 
dt E-I* : (3) 


Substituting proper values of E, J and M, integrating twice and giving proper values to the 
constants of integration, the values y, or the deflection may be calculated for any point in the 
beam. ‘The equation of the elastic curve of beams of various types are given on pages 531 to 
547, inclusive. . d 

The maximum bending moments and shears in beams due to moving concentrated loads are 
given on page 542. 

The moments and shears in continuous beams are given on page 543, page 544 and page 545. 

Formulas for stresses in reinforced concrete beams are given on page 546, and stresses in 
columns, safe working stresses, and safe loads on slabs are given on page 547. 
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2. AXIAL COMPRESSION. 
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9.FLASTICDEFORMATION-TENSIONAND COMPRESSION. /0.ELASTIC DEFORMATION: SHEAR. 
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/6. DESIGN OF DOUBLE RIVETED LAP JOINTS. 
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See fiqure above. For Butt Joints see Chapt XM 
Most efficient joint for yyhnoersenapipe, 
eat pWO. oy de ER. 
ene Fe ’ ja- TRE y= / qf; 

(2) a or (a) 
Most efficient joint for given thickness plate; 


i Ef. ple ‘d; e- 29; 


- FLEXURAL STRESSES. 


[ZL FLEXURE FORMULA. 


fiberstress de loagivenmomentwnagiven beam ; 


f= 4s @) 
Toment tocausea giehiber stressina given beam, 
(6) 
Section modulus fa ar given pinonaent ann fiber sess 

5-2-4 (ec) 
Moment of inertia io) given moment, frberstress 
andalistance lo extreme liber; 

i= fs (ol) 


19. GHEARING STRESSES I BEATTS. 
Average unit shearing stress, 
he ra , @ 


Unit horizontal shearing stress, 
(longitudinal shear) 


als 
haggis (6) 


Jn =statie moment ofared, 

—__ abovesectionconsiaered, about 
nevtralax/s. For horizontal shearel m-m, Pa= 
area of shaded portion multiplied by z, the 
oaistance Loits centroid. The max. unit hortz= 
ontal shear willoccur al Ehenevtralax/s. 


ee 7 a 
LevtralAxrs~ 


Ol centroid of 
shaded area 


The max.unithorizontal shear for arectang: 


Oar beat = =2 average Unlt shear, for circular 
sectionZeand for anFbeam may beasmuch 
as i¢titnes average uit Shear 

Por rolied or builé F-beams Che max.onit 
horfzontal shear very nearly equals the total 
vertical shear divided by area of web. 


L/L TORSION OF SHAFTS. 
Solid round sha ts, 


H 
f=32, OOO Ky3 (b) 


68 sft} 


Solid square shafts, 
Fer; £a¥ capprox.) (a) 


H 
000— 
fF TA My fs” 


© 


(e) 
H1=horse power. 
/!=rev.per minute. 
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18. ELASTIC DEFLECTION OF BEAITS. 


Differential equationtrom which equation of elastic 
curvels Found, E 79) Cy yy, -/y @ 


To cetermine elastic curve whenland£ are const- 
ant, lategrate twice determining constants of 
lntegration Ly substituting known valves of slope 
and def fection and corresponding valves oF X « 

Theequation of curve changes at every concen- 
trated load but is same throvughoutfar vaitorm 
load or for unforimly varylngloed. 


20. COLUMN FORITULA S: AXIAL LOADS. 


Straight Line cores 
=a- BL 
for Lee aand 6: see able lApage 80. 


(a) 


Frankines (Gordons) formu/a, 
f-—, 6) 
/#03 we 


For constants @and@ See/ablelkpageb 0. 


Euler’ Formv/a, 


According to Merriman a‘has the 
following valves; 
Both ends hinged, a@"= 1? 
One end fixed and one hinged, a”: £7 Re 
Bothends fixed, a"=4 rr? 

/n Euler’sFormola F=ultiinate strength. 


22. STRESSES IN HOOKS. Approximate Solution. 
Maximum tension, 
(@) 


where A=area of section 
m-m,e = alstance From line 
of action of load, F; to cent - 
roid of mi, c= aistance 
from centrotd bo extreme 
Fiber on Lension side, l= 
moment of inertia of $C- 
tion m-m about ax/s thr- 
ough centrold. 

For exact solution see "Slocum anal Hancock, pl9l. 


13 


cax/3 through centroid of secm-m 
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23 PLATE GIRDERS: See a/s0 Chapter XVil LA UNSYNIMETRICAL LOADS ON BEANS. Appronmate Solution. 
“Womentall carried by Flanges, (4=max moment forvertical aah. 
=A-fh @ al 6 J,= moment oF inertia, axis /-/ 
(2)One-eighth area of 1 web avatlableas Flange ‘ \, I,= moment of inertia,axis £0 
area. N= (Ap tz4An)Fh @) ~ 
(3) foment oF inertia oF net section, YA Tax ee Fiber stress, 
pet (c) ‘S PE 62508) ¢5 
(4) Moment of inertia of gross section, ‘UD L; rac ae 
sf (a) sn eas tensile fiber stress; “ 
A-and Ay = netareaofoneFlange andgross area ane (les (C050 , spat } 
of web,LandI=moment of inerha ofgross| - 
andofnetsection,h=aist ¢to¢ of Hanges. 


25. ECCENTRIC LOADS ON PRISI15: Seealso Chapt V. LO.FLEXURE ANDDIRECT STRESS. 


y/ > Mc 
Flexureand compression, F=- 3 se F gai 7, PRED! 


Flexure and tension, ae TP Perri 


k= 0 For both ends hinged, 24 for one end hinged 
and one fixed, 32 for both ends Fixed 
Bi, eles 
f== 4 45 3 (c) 
for direct stress either Lension orcompression. 
M may beavetoweight ofmemberortoexternalload. 


Approximate formula, 


27. TRUE STRESS. 


2 


g 
& 
g 
5 
BS) 
i) 
xs 
S- 
G 
iN 


e f,£,4£ =apparent unit stresses 
P=Rsina+W | 6,646-trve unit stresses. 


M- “Per We! N= Asinawe~eosahsWe be h-Ab-Ak 5 (a) 


eda fa PMc {Stressatmiz P._IMe Mike b fi a af AA j ie 
ti oh ee <_ 2) E 


/Fany stress is tension chan- 
geitssign inabove formulas. 


Line of action of resultant, x=IM<=P ; A=3 for stee/andwrovghtiron. 


If theres tensionatm Gaachoruilonsie it the way f i Hf orcast Iron. 
stressat = and at m= £P(F -x) for rectang. secl.| A=FPoisson’s Ratio. jo for concrete. 


i Sa ofsection In-m about axisn-N, 
A= =area of section m-m: 


28. CYLINDRICAL ROLLERS. 29, THICK PIPES AND CYLINDERS: Internal Pressure. 


Unit Stressforgivenload  . | he mW Ae A Maximum unit tension, 
androller, g 


Length forgiven load, chain. £ jz 
“ole i (e) 


andunitstress, Maximum unit compression, 
kage eae eS? we ep A= Thicinestfe gece 
Load peronit length for Lop/L PP i unit tension and internalradivs 
gwen roller and umtstress: 3 LE (£*) 
D=diam. of roller. L= length of roller, Dee 
F=modvlus of elasticity. wz-unitinternal pressure. 


@) |. 


WORK OF RESILIENCE. 


30. STRESSESIN FLAT PLATES:UNIFORIMLOAD. 


Circular Flabe; 
Circumference fixed, 
fn aawr® 
64 CZ 
Circumference e supported, 
Fe U7 wr? 
[28 E* 
frectanguiar Piste, 
Ch ei fixed, 
. atwbh? 
* Fab Qe?’ 
Circumference supported, 
Unit stressis about Z 
that for circumferencefi xed 
Square Plates, 
Gi reurnferen ce Fixed, 
fz wa? 
ype 
Circumference supported, 
Unit stressisaboulZthat 
for Se a Fixed. 


See Chapter Vill, p.3/F and Table /35, 


General Formulas; 
LxEA_ SXEA . 
ST yy eee a 
7- LSA LOA. 
SOF mat ae: 
Structural sections canbe 
divided into Finite elements 
-theproperties of which are 
known. Then(a)and (6) become 
re oe Pry, (c) 
j= 2ydA. oan; (a) 
In25tatic moment about given axis, 
In Fig let A, ,Ay,Ay and Ay = 
areas oF top ls, bottoms, cov. 
3 tal yee INA Vos Vas vy, 
+ beordinates of their centroids, 
X=0 by symmetry, 
p= Liq _AljtActAyy, Vat Ay 
A A, tAotA; tAg 
Fig3 Centroid of | Frspesoid 
Fig 4, Centrodofany twoareas. 


Centrotd A, 


tiloge OF 5 


entroidA, id, < ors: 
“78; i 
it) 


\ 


Rat 


foe 


3h WORK OR FESILIENCE. 


BARS. 

Work donein stressing a bar below elastic 
hime. From Otok. o Olof, 
K=3Ph=3 FA 0= A (L Al 
Ge eo orf tok, 

ane? 2 fA, =3(LE,-46)A0; () 
LES 
3 nae )A2, 
BEAMS. 
Deflection peees one load! 


(a) 


er ge at fare 


TDA TSX bx 
sh 
where /1,zmoment at any point ave to 
given loading and M=momentat any 
point ave to a unit Joad placed at the 


pont at which the deflection /sreg- 
vired. 


We (a) 


33. IOMENT OF INERTIA AND PRODUCT OF INERTIA. 


ho fo A: 
4s keds =[-Ad*(3) 
24d? ‘ntene- A2(b) 


Ly+l, =L,tLy 
4 L605 il, sin'b-hysintg 
Sy 7h L,) sindpe] cost 


Frincipal/foments of Inertia; 
tan la = Ler/ ly -L,);(2) 
Ll, asinaef, sila 
ye =, tlh s oH 


Axes are designated by subscripts. 
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L£nd Reaction, > =P- 
beam Shear at any polnt ke=P- 


. Moment at any point: 
Shear My = 


Diagram Moeximum Moment, M= Pl- 
Moment Lauation of Elastic Curve, 


Diagram P 

: pg (Cl Stk +x) 
L£lastic p73 
Curve: A= 3 fe 7 


35 CANTILEVER BEAM WITH UNIFORM LOAD, W PER UNIT OF LENGTH- 


w per unit oF length~ L£nd Keaction, R2=wl- 
t Gy, Beam Shear at any point b= wx- 


! ast R. Max. Shear, V= wi- 


Moment at any point, My= 
Max- Moment, BER caer Mea we 


Diagram 
Lquation of Elastic Curve 


Ll? Moment w 
Diagram De AEA *4ALxt314) 


' End Reaction, Re=P. 
Shear between P and Support =P. 
Moment between P and Support=P{x-kt) 
Max- Moment, at Right Support=P(t-kt) 
Diagram eee oF Elastic Curve belweenPah, 
Wines yf HOO gees 


Diegram Deflection under Load, th = ie (2-kt)* 


Elostic 
Curve Mox-Deflection, A=£e 2" (P-Bk +k3) 


6E/ 


2 
L£nd Reaction, Re = we. 
Shear af any ea Vig = 
Max- Shear, V= we 
ys 


wl? Shear Moment af any a Me a 
12 Diagram Max: Moment, M= Pe 
wi? Moment Lquetion. of Elastic Curve 
Diagram oy, =p (XP. 504+ d0') 


Flestic wi? 
Durie Max: Siriaas 45 SOEl 
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Ln Keactions; ky = Re aL ; 
Shear at any point + 


between Rk, & Pand between PAR, Veal 
Mex: Shear; V= = a 


£ I p chear Moment af any pon 
5 Diegrem Between k, & P; My =R.x = Lx. 


iy zZ Z 
ig Pel~ ‘ between P & Re ; My =R&-P (x L)=e £0 8G); 
cities Momen is Max. Moment, Met ZPt, Spaniel Breas $ 


i Beta ee Flastic Curve Be, Dethctjons 
ntti Wel ep Between Ry & P; y= “bey (4Ax7-32*%) - 
ae y estic Letween P& R2; psymmetrical ebery center. 
en MVE. Max- Deflection, A=4 PL* x= = : 
Pyne ool 48 FT? 
29 “SIMPLE BEAM ~ CONCENTRATED LOAD AT ANY COAT: 

End Reactions: R; = ee; : kp = £2 ae 

Shear at any point + 

Between REP Vyz=p, = LC-a) 


between P& Re, Vg = shee =fa% 
Max. Shear; for a<2,V 2k ;for a>, V=Re- 


Moment af any point: 
: Shear between R,& P; M=R.x Deg i Z-3) 


5 ie ' ne 
A om 4 Ad, 
Co £82 p; Between PER>; Mg Bx Pig =3)= Plea) 
~tP(L-a) ce 7 |< Diagram Ms Moment: Mebox LED 


La; occurs ae x=2 


Wane Flastic Curve and Defectons : 

Diagram Setween hyd. y= Ed 2x (Ea) (2la-3*x?). 

oe ae Coy. 

Ree Flastic Between LAR p= er3 He ox-a@x/)- 

1 Fg 

ee ian aaa Curve '— Lexbef?- ja fie Ge OCP (IEE 2) 
a 

Cae Max bell; 2>5; Lanta) akeal DG ee 2éra) 


Ae “SIMPLE BEAM ~Two FOUAL CONCENTRATED L OADS, SYMMETRICALLY ee 
L£nd Reactions ; ha =Rp =f. 


Shear at any point: 
Beam Setween R, and leFt P; ye = P. 
2 Between Loads; Ve = 
Between ET ee. hes f Wea P 
Max: Shear, V=P. 
: Moment at any point: 
H ' Shear Between k,and left P; My =Px- 
! g | Pp  disgram between Loads; My=hx-Plx-3) =f3- 
! Po. ' ' Max- Moment; M= P3- , 
Laem! Moment Flastic Curve & DeFlections: 
Diagram Between k, & left P; y= see (3la-3a7-x?): 
erly yr Zh | 
al ioe —— ae Elostic between Loads; y, = £2 (5tx-3x? ~37)- 
peek >| curve Between ALA 6 Santi With left load & Ry 


erst \_ __ Max-beflectionsA=izr, (31249); X= 4. 
y Se, ? 
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4/, SIMPLE BEAM- UNIFORM LOAD- 


End Reactions: R,= R= wl : 
re Beam Shear at any Page ee - “gl MES 


w per unit length, 


Max. Shear ; V= 2s occurs at eset coe 
Ghoae Moment at any patie My = wef —Bwx? 
Diegram Max Moment; M=gw1l*, occurs at center. 


eS Curve and Deflections: 

Moment Sas 
Diagram ae ae Fel oa bee Sai 
Flastie 
Curve 
42. SIMPLE BFAM-JRIANGULAR LOAD WITH MAXIMUM AT THE CENTER: 
Total Load = Wh". a 
End Reactions: Ry =R2= we 
Shear at any point: 

Between Ri & Center: V_= w( £7 — 

Between Center & fe} § ven =w(Z ZL Sas tS 2) 

Max Shear; V=2wil4, occurs at supports: 


2: 1 ' 
wg ‘ad? eee nm Moment atany point é : pats 
t i Bt Between k and Center; My =wx (; pie 2. 


= 
Max: Deflection; A= “4 E Be ae 


= ‘ A between Center & Re; Se = M134 91K -I21 x? ye 
Paillillitine Moment Max- Moment; 1= 33,1, occurs at center. 
: ' Diagram Elastic Curve and Defléctionss Caer 
= Le WG IS EL VG 227 
Flostic Between k, & Center: a oe  (/ 4 a 
Curve Between Center & Re; Fi yannghrica! . 


Zz. 
Max- Deflection; A = SI: RAs 


43° SIMPLE BEAM~ TRIANGULAR LOAD wiTH MAXIMUM AT RIGHT END- 
Total Load= We". 

End Reactions : ky = Awi?; ; Ro=F Swit? ; 
Shear at ny, point: k= e w/ £- x7) 

Shear Max- Shear; V=F wl, Occurs LSS support 
Diagram Moment at any point: Me = wi B (Cx) 

Max: Moment; =0-064 wil} occurs on d= O-57/4 ae 


Hh oe Berge Depesiee 
ot y 1 ' ee y= TEE # is wl? 
yo Sle “nox Deflection: A= 000652 Kr, X= “OSHS L: 


Total Load = wil * ZL MeL". 

End Reactions=R,= Lint “g ). shee las wet) 

Shear oi ay polat? } hea 2% (Boot 4e(£-x2) 

enn Shear Max- Shear; V= E(w, +¥ 5 M21), occurs at right sipporh 
J HT Diagram Moment af any Bese Me= Zi Uxx J+ (1x -x3) 

E-O51 10 05171 Re Mex Moment;M=(mlr Bel)Z (Approx) 


Moment Flastic Curve and DeFflectfons : 


2 rd 
Lisgram » pga 2h tetex) - hear Ex Spies 7% - 


SesHe Canes Ben EF amese wel uel", X=0$2 (Approx) 
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45.BEAM OVER-HANGING ONE SuPPoRT — UNIFORM LOAD: 
w per unit length Reactions: R,= Fu. ee 53 Wi, (7 F i kp =3w1- TW. raw 2B) 
Shear atany point: 
Between 8, Be 3 Ve = Ry -— Wx, + 
Between kz and Endj Vy= w(m-Xe2) 
Moment atany point: 
Between ky & kp; i Mi= Ki kyo Bwx. 
Between kr & End; My = Ae 
Max Fositive Moment; /7= ‘fi, joccurs when 
Di Max Negstive Moment, 1 =. win occurs PIS. 
rE il Elastic Curve and DePectins’ 
Flestic - Between Rebs eae *0,)— wx At% yf 
Curve Between kek End y= Sey Jp af hw (Ome -Amxst Bl xen) OR, Pik, 


46 ‘BEAM, WER-HANOING ONE SUPPORT - CONCENTRATED LOAD AT ANY. FOINT- 
Reactions; k= #2 fra= zu) oe =filtalt Pinel, 


Shear at any gone 
tear Between kK, & F 2 Ve=k,3 between RAR3 Vx=KyFi3 
Disgram Between Rr & PB 3 Vic = Pas 
Moment atany point: 
ee. Between Rk, & Fi My =Rrx,° 
; Between 2 & R23 Me=Rix2-F (a¢x2-t) 
Flastic lurve Between Re& P» 3 My = 2 (m—xs) - 


47-BEAM OVER~-HANGING BoTH 5uProRTS — UnNiFoRM LOAD-~ 
w per unit length Reactions: Ky= tnt) Enz; ke =n #1) 2 n*/ 
Beam Shear at any point: 
Between left end & Rr 3 Ux = w(m-x) 
Between R,& Re jx = Ky -w(mrx2) 
Shear between Re & right end; be= w{n-x3) 
Diagram Mex: Shear; V= wm, or Ri-wim- 
Moment af any point: 
Wontek between left end & R;; Me = 4w(m-x,)*- 
Di Between k, & Ke 3 My = twin #X2)"-KyXe* 
CEPGMES Befween Re & righted? Me =F a w(Rn-xs)*- 
Max-Fositive Moment ; Mek (6 fen) occurs at ke jg I” 
Flestic Max-Negative Moments, M=£ wnat k,; M= tL wnat Ke 


ee Points of Contra flexure; Xp = = (E Ki-m) # aia HJ® Gk Eee 


48-BEAM OVER-HANGING BOTH SUPPORTS ~Iwo EXTERIOR CONCENTRATED ESTES 
S bo ie R= f20-fitt pf: 


Beam 


Reactions « Ky= 
Shear at any point: 

Between hé hij Val? ¢ Bp © Re, Ve=Fh-hy 3 Re & L2, Uy iB 
Moment at any points 

Between 2. & 3 Mx =P (m-x,) 
Moment Between R,& Res My = Pa +h-Ri)xe+ 
Diagram Between ke& [23 My = Pe (7 ~Xs) 


Elastic Moment at kyj =f; at Re, M=far 
lurve 


Beam 


Shear 
Diagram 


i 
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| 49-BEAM FIXED AT ONE END AND SUPPORTED AT OTHER Ci ONCENTRATED LOAD ATANY POINT: 
End Reactions sk = P[2-4]. p, = p/ 22252] 
Shear at any point: Between hk P be=R,; beiween PRs, be=K-P. 
eam Moment at any pont: Setneen REP: Me=hrs between PA fp: th he Riko fo) 
ke Max: Positive Moment:M=Ra, occurs under ads 
Max Negative Moment: MR L- ie ¥ occurs at Fixed énd- 
’ Point of Contraflexure? X= 
ae ln ay ee abn a 5 31a)’ 
; CLWeen =) Fh - hx FP l-af*X, 
shear Between PE Rae ee BE. Te (277 “Slax 3)-3 Ps (l-x) 7 
for 3= 0414 1; Hax- Def}: A=0: WIEES: occurs under load- 


If PIs A Movine LoAD: 
Absolute End Reactions: 


MM Me oment =f occurs when a=0; ke=P occurs when a=t- 
Lisagram bsolute Maximum Lire 
Ki=Foccurs when a-O at x=0; =Poccurs when ob, af X=b- 
A béchote Maximum Moments: 
Max Moment 1s Negative and 1s M=0-/925 PL; occurs 
Flastic at fixed end when a=0-$774 t+ 
Curve Absolytfe Maxignym Deflection: 


A=0- 0098 £2 oe 5 OCCULS under load when a=O4/4AL- 
30 eae FIXED AT ONE END AND SUPPORTED AT OTHER ~ UNIFORM LOAD-= 


w per unit length \ Lnd Reactions: k= Ful; ke= a 2 wl- 
Beam Shearatany point: Vie w(¥l~x)- 
% Max Shear; V=#wl, occurs at right support. 


' Moment at any points My=wx(F L-3x) 


E27es shear Max Positive Moment: M= jes! wloccursal x 

I g x H Diagram Max. Negative Moment; M=3 fui; ee 
Lay, mod ' Wee /oint of Contraflexure; Xo=Z L« 

—— Zl----> iis = Flastic ¢ C1 ure and DeFlecaonee ; 
Ye Rep < Elosticlurve — y. HEE Zyl Sena Fel] = 

is ere Max-DeF lection ;A=0-0054 WLS X=0-4715L- 


SV BEAM FIXED AT ONE END SUPPORTED AT OTHER-CONCENTRATED LOAD AT CENTER+ 


be P End Reactions: R=7g ZP; Rea aft P- 
Beam 
Shear atany points : 
Between kd P Vx=72 P; Between P& Re; Ve= EPe 
Moax- Shear; V= LF, occurs at Kp - 
Shear Moment at any poirts : 
Disgram Between k, &P; My= =76 Pbetween PE Re 3M h, =P I-ig Px: 


Max: Positive Noment:=2 Pl, occurs under Joad= 
Max: Negative Moment:/4 Ps =E Pl, occurs af Fixed end: 
Moment — Elastic Curve & Paldecra7e: ‘ 


ae Between REP} y =, aft Zi Se (x? 327). 
Elastic Between PE Re} y= ake (21 ea Tie L4 Lag t/1 xz, 
Curve Max Deflection; 1=0-00932 £2". ¥=0-4472 l- 
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52. BEAM FIXED AT BoTH ENDS — UNIFORM LOAD- 


w per unit length \. Lind Reactions: h=k2=Fwl- 
, NAN k beam Shear af any point: Vez swl-wx- 
i 


Max: Shear 3 V= dati occurs af supports- 
ee 1 Shear Moment af any point: My = M4 Z1*+Lx-x*) - 


ted a ae Diagram Max: Positive Moment; M41 wlroccurs af center- 
ee i Max- Negative Moment; M5 Awie occurs af supports. 
| att | _, Moment Points of Contraflexure 3 Xp= O23 1; x¢=0-7887 c- 
DN PDE Mf’ Diagram Figetic curve and DeFlections + 
— Wxs vo 
Elastic Yipes (CLIK tx2) 5 


Max: DefT/:; ; Aasg, we 6 “x= Z- 


Curve 


. $3 -BEAM FIXED AT BoTH ENDS -— CONCENTRATED LOAD AT CENTER- 


= iP End Reactions: R,=R;=#P- 
Beam ear atany poittt: Vx=ZP. Max. Shear, V=2P 
Moment af any point: 
Shear Between k, & P; Mat Pig): 
Diagram Between P& Re ; M, =£P (22 ae 


Max: Positive Moment; = xP 21, occurs of cenfer- 
' Max- Negative Moment 3M = =4P2, occurs af supporrs: 
Moment Points of Contraflexures X= z5 Xp=Z Cl 
Disgram — Flastic Curve and Deflections: 
Between R, & P3 y= fxcls xt) 
Between P& R23 5) Syamerrical: 


Max- Def ls A=5, £8 LU, X= 2 LES 


54'BEAM FIXED AT BOTH ENDS~ CONCENTRATED L ae, AT ANY POINT: 
End Reactions: k= Pf 7$2272 B75. chi 2) jRe=P HBAs 
Shear at any point: Between REP: Ue ‘Rh, sbetween PE& Re 3 Vue=Re 
Max. Shear; V=k, Fora<b; V=Re for a> b- 
beam Moment af any point: ab? ab 
Negative Moments at Supports; M,=-P 72; Mp=-P Je Ze 
Between KAP; /he=R:XFMy- Note that My carries 
Between PE Ra; My=Rex, WMP) 2 minus sign- 
Max Positive Moment: M=k,atM; occurs under load: 
Shear Max Negative Moments occur af supports: 5ee above- 
Diagram Foints of Contra flexores Xo = Z54h, Aas 5 X= l— 
Flestic Curve and yo : 
between R&P; y= LEX [3a1-3ax-bhx]- 
Between P aad Pays ae eee A 5 Ae ae Sax, bx). 
Max-Defl, when a>b; A=L: fe 


ze, OCCUrs of X= = fe, 
Nax-Def1 ; when a¢b; A= - sy 3 occurs af X= — 


flestic 
Curve 


Moment 
Diagram 


is, 


nee 
J6t8 


IF P 15 A Movine LOAD: 
Absolute Max Shears; 5=P occurs at R, when a=0; af Rp when a= l- 
Flostic Absolute Max Negative Moment, l4= als occurs When a= g Z- 
burve Absilute Max Negative Moment; Mp= 2 FE Pl; occurs when a= 
Absolite Max: Positive Mom ent 5M = = LPI; occurs When a= Zz : 
Absolute Max: Deflection; A= 3 Tay joccurs wher a= Zz : 
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55, MAXIMUM SHEARS AND ITOMENTS IN SIMPLE BEAIMS FOR IIOVING CONCENTRATED LOADS. 


Criterion for Maximum Shear: 

The maximum shear ave to moving concentrated loads will occur at one support when one 
Of the loads isat that support and willequal the totalreaction. The load giving the maximum - 
must be determined by trial. 


Criterion for Taximum Moment. 

Themaximum moment ave tomoving concentrated loads willoccur under one of the 
loads when that loads asfar From one end as the center of gravity of all the loads onthe 
beam /s fromthe other end. The load giving thegreatest maximum must be found by trial. 


For beams Fixed at one or bothends and carrying one load, see 49and 54, in this chapter: 


3. ONELOAD. 6. Two EQUAL LOADS. 


oo Pee? Sas ea Oe) 


PS a= Se in a Ss mere -----S 


Max. Shear, X=0; V= PsP SB 2. oth 


/Tax. Moment, A5(2- 3); M= lta atl. 
/Fais greater than 0. sib he load gives max.1asind| 


Max Shear, X=0; V=P; at. 


Max. Moment, af M=fPL; at P 


c. THREE EQUAL LOADS, EQUALLY SPACED. 


a 2 
Henna sen ofc = 


a. FOUR EQUAL LOADS, EQUALLY SPACED. 


Kk----—---------- fs ieags 


MaxShear X20; V=4Pl=22 sis, atR. 


lax.5hea,  xX=0; y=3p 58 5 ath. 


MMax.oment, X C Le fF “UZ a) a) Vb 2. 


/Fa/s greater than 0.450 1, two loads give max.fasin b. 


MaxMoment,X=4(1-4a); M= - Zaz) I; at 2. 
 [fa/sgreater than 0.2682, three load's gemat. om asinc. 


e. /W0 UNEQUAL LOADS. F. Two EQUAL LOADS AND ONE FTALLER LOAD. 


/1ax. Sheag =a; V= =P [be Wealth C2- path 


hb-fa fue 2 
/Max.Moment, X= £ ep Fy ithe TeX {Pa;at2. 


(Max. moment may occur For two J idiiie asing. 


ax. Shear, X=0; Saga at. 


(Tax. Moment, rg oft [res ASSLP. 


/ex.momentmayoccurfor oneload asin a. 
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56. CONTINUOUS BEA/15, UNIFORM LOADS, CONSTANT MOMENT OF INERTIA AND MODULUS OFLLASTICIT ¥. 


4, / M, 


Shea, (Yih &| ih \% & 


u 
|| 
ane 


/ Ui 
hn \te- Naor | 


ee eked IR 
J K Ni S f Ny 
lott, ZHI’ V7. CIN’ VEL 
' 1 Z\ 

GR a Vales : 
Span, \_ [span i2™span' fnlbspen , inutspan 
lengthy dr. de. 3 ee ee Zpers 2 
Support | 2 ) n | ie mk 
feaction, F, k, Ry; fn | Fines | Riz 
oment,/, /t /t, ifs. Pipe 


Relation between momentsat supports for then“ and (n+l) * spans, 


byte Moyle dy try)! pez Une =t", Lip Wns) Ley : @) | 
Shear loright of n’ support, Shear to left of ary # support, : 
ya an ee fe ‘ . 
; h,= SN 5 Miala 3 () : Vi Ung-th 1 W,t 3 (c) 
Shearto right oF (ael]# support, Reaction at (n+l) # support, 
Oy OB Ot 3 olay 5 (a) | A ed Ale (Note k=) (e) 


Shear at any point in n Yspan, Moment at any point in n@2span, 


Ver Vy WX 5 ) Ng= yt yh MyX? @) 
Point of max.positivemomentin n£! span, Maximumpositive moment inn® span, 
WAS Sain: a 

Bs a? (A) a, thts, £ (2) 


EXPLANATION OF FORMULAS; n=number of first span considered or its left support. 

Given acontinuous beam of several spans uniformly loaded (for spans with no had w=), 
Apply forimula(a) to! ond 722 5pans at the lett end making n=. Threeunknown moments 
appear, !,/t,,and/%,, /Fbeam is simply supportedatleftend /4,-0. Next apply formula(a) bo ZY 
and 3 spans making n=2. Again there will be three unknowns fy, /'t, andy. Continue until 
/ast Ewo spans have been considered (never consider last span alone). /f beam /s simply supported 
atright end, the/1 for that support =0. There are nowasmany equationsasthere are Unknowns 
so by solving, the moments at all of the supports may be found. If the beam is symmetrical 
as bo loading and dimensions, Lhe calculations may be shortened by equating moments which 
are known, by inspectiontobe equal. Knowing Lhe moments at the supports;the shear atany point, 
the reactions, and the moment at any point may be calculated. (h,= Vand forlast sypport 
equals V" forlast span). For Fixed ends imagine the beam toextend one span beyond the Fixed 
end and apply the ormulas,as above, equating the length and load of the imaginary spanto 
zero and Lhe momentatthe extreme end of theimaginary span tozero.care shouldbe taken 
that shears and moments are used with their proper siqn. 


SPECIAL CASES; 
for a beam of equal spans with equal uniform loads, Formv/a(a) reduces to- 


Mt AM yyy #0 pg? =- 4 wl’, (See also 57, of this chapter.) i) 

For a beam of two unequal spans with unequal uniformloads and simply supported 
at the ends, M, =0, ty =0 and. From formula (a) ; 

Myz= BUH H Mole in) 


2(2,42,) 


544 STRUCTURAL MECHANICS. Cuap, XVI, 


57, MOMENTS AT SUPPORTS: CONTINUOUS BEA/15, EQUAL SPANS ANDI QUAL UNIFORM LOADS. 


umber of Spans. 
/Yumber of Spans. 


8 ee fale m4 H 2 Oia 
_ Me /42 142 Mav w//4 /d2 ‘ 
COEFFICIENTS OF w2? where w:/oadper unit length and 2=length of one span. E andl constant. 
- Maximum positive momentin any span can be calculated from formula 56 2. 


DNS 


ww 


MSIE SE SG NG 


76°26 370" 78 = 29°28 2H 


BAP 9 G10 cit No dl OENaa Mii 
"397733 39739559 58’ 


Number of Spans. 
x 


yy 


of 63 55 8 3! PELE LIS Vy iy 
"04 WA" ld “10d” lod 04" lod Wald Id "0d “WWd’ 


1. otb. 66, 81 D1 0 Tor) 
qe Wee Wee elle le lee ee ae? 


COEFFICIENTS OF w?, where w= load per unit length and d=length of span. Fand TI constant, 
Reactions at supports equal algebraic aifference of shears to right and left. 
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59, CONTINUOUS BEAMS, CONCENTRATED LOADS, CONSTANTITOMENT OF INERTIA AND IT0DULUS OF ELASTICITY. 


Ae 


Mer H ie any ln Fautlnel t 
Span, | (tspan 1 2%¢span L 2espan nel) span 
length, TE | be ae 4 i lnel : 
Support, / Zz J poo i 
Reaction, R, he ky | 
Norment, 4 I; 


Relation between moments at supports for n © apd (ntl) # spans, 
Mn ln #2 Mp yp lly tei) # Iya? (bry) =-2/2 Uhh -E[ Pus lek nel Shi thal], (9) 


Shear lo the right of n# support, Shear to left of (n+!) * support, 

Iq Cass 2 Pa -hylfz 0) Matte [Bho] 
n 

Shear to right oftn+l)# suppork, Reactionat(n+i)2 support, 

Ingp= ett hel +8 [Po-hynsl] Ud Byer Vgi (Note 4) (e) 
atl 

Shear atan ry point nn span, Momentat any point in n& span, 
h=-£2, wherefh equals (F) Mp2 Gy *VUX-E[B (a -ky In J] where (gl 
the sum of the load's between £[B le-hyl,) equals the sumo the 
pn” support and point considered. moments of the loads, between 

Point of max. positive moment in n& span, then’ supportand the pont con- 
Themeax.positive moment occurs sidered, about the port 
where sheat,as calculated from(F) Maximum positive moment inthe n& span, 
passes through zero./hs point 1s After thepomtokmax positive 
alwaysat one of the loads. (A) moment has belocated as described 


nth) Lhe value of x Chus debermined 
/s substituteding! and determined. 
EXPLANATION OF FORMULAS: (See under 56.) : 


SPECIAL CASE, 
For a beam of two unequal spans with unequal concentrated loads and with ends 
simply supp orted,/% =0,/%,=0 and formota(a), reduces to- 
| Men LLB UA kK -h3)¢E [Bij Ch p-Fhg the if y) 
2(2 +1) 


60, Continuous BEAMS OF IWOANO THREE EQUAL SPANS: Uniform load, w, peruntlength Coe Fincenter oF one spar. 
SS 6 a 
Moment, 0, if, 0, 0, -V5, +60, 0 0, -, +4, 20 
Reaction, +16, wy, lb, +13/30, +1900, -l/, +160, +4fll, +iYA, 3 +, 
SS 
Moment, » 0, 3/32, 0, 0, -V/20, -Yi0, 0, 0. $l, -Hfl, 0 
Reaction, +13/32, Ib, 3/32, 20, +N/t0, +N/20, 20, -Y/40, +230, +2340, 3, 
Coefficients oF we’and P2, for moments at supports, and of wlandk for reactions at supports. 
by additionof proper cases any beam may be solved. for shears and moments between supports see5645), 
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6/. RECTANGULAR BFAN5:Remforced 
_ fortension only. 


62, 51AB5: Values for I? strip. 
Reinforced for tension only. 


64. RECTANGULAR BEANS. Reinforced 
- forlension and compression. 


STRUCTURAL MECHANICS. 
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Stee/ ratio, balanced Se ent, 
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650, 7=/5. 


2 Wer 
My = 01 5bal?; 


Steel ratioand depth, 


balanced reinforcement, 


p=0.l07l; d= [pe: 


5tee/, ae adepthand ste! 
area, balanced remfarcement 
p=0.0077 ; 


a 0.02817 -;' 
A= 0.00261; 


k= 0.379 


pele £, Holdekt 
G OMbd-C 
M.=/6000p/jbd? 


/c=1s 
£16000; f =650; 


Stee/ratia, balancedreinh 
p=lt03(e-L642). ; 


k=0.379 
2 OOAIBH. 519 -L)i-t)p" 
00476 +(.319-r) 0" 
Mz use general formula 
LeVMs , 
=16000-4-960-257ir ; 
fe =650; 
Steelratio, balanced 
reinforcement, 


(0.604 -Mb0¢Mr)p $0071, 
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65 SHEAR, BOND AND WEB REINFORCEMENT. 66. COLUMNS Ratio oF length loleast width <1? 


/n the Following formulas fa refers Axial had for given unit stress, 
40 arm of resisting couple at section irr P=fe (Ac +A) =LAL/ela-l) gf , 
question, and £0,lo tensun barsat section, Unit stress for given axial load, 
Shear inConcrete & Bond Stress mlensile Steel, fs Vie cs sie 
Rectangular Beams, p=. fz. Se pela-iop. 9? TEA 
(singleor double reiafarcea) ” bd? Y coe ie 
Caan, 4 bj’ G Lod 67. WORKING STRESSES [OR STATICLOADS(A SCL) 
Stirrups, All rectangular Bey og ae Ultimate Strengths for Various /Wxtures, 
; ; SUE es in Pounds per square inch 
Vertical stirrups, P ap? slat Vcorepale Pel sg ro hig 
Granite 2200 1600. [400 
Vs Pd Gravel, Hard limestoneorsandstone 2000 1600 1300 
P=0. Tid 59" oop Soft Limestoneor Sandstone (900 1700 000 
: Working Itress,jercent of Ultimate Ftrength; 
P=/otal stress none stirrup. v= amount of \ Bearing 32.5;Asiallomp. 22.5, comp.F i ber fires 2.5; 
shear not carried by concrete. Shear: longitudinal brs only, 2.0; Part of brs bentup 2.0; 
for approximate results 7 = f informules. \ Shear:thoroughweb rent 6.0; Bond, brs 4.0, wire20. 


Stirrups inclined 45, (not bent up bars) 


68. SAFE LOADS ON REINFORCED CONCRETE SLABS: f;=/6000, le =650,9=/5,.1°7 =f wl! 


Span in Feet for Safe Live lbad 
in Pounds per Square Foot of 5/26. 
Mat wt? (For N=£ wi? multiply spanlengths by0.894) 
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Span infeet for safe Live load 
in Pounds per Square Foot of Slab. 
Maw! (for M=gwl? multiply span lengths by 0.8/7) 


Center of Itee/ 
lobottomor Lab, 
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STRESSES IN FRAMED STRUCTURES. 


Loads.—The stresses in roof trusses are due to (1) the dead load, (2) the snow load, (3) the 
wind load, and (4) concentrated and moving loads. Data for dead loads, snow loads, wind 
loads, crane loads and other loads to be carried on trusses are given in Chapter I to Chapter IV, 
inclusive. The loads on roof trusses are commonly given as a certain number of lb. per sq. ft. 
of horizontal projection of the roof. The loads are assumed to be transferred to the truss by 
means of purlins acting as simple beams, the joint loads being equal to the purlin reactions. 

Methods of Calculation.—The determination of the reactions of-simple framed structures 
usually requires the use of the three fundamental equations-of equilibrium 


z horizontal components of forces =o (a) 
Z vertical components of forces =o (0) 
0 (¢) 


Having completely determined the external forces, the internal stresses may be obtained 
by either equations (a) and (5) (resolution), or equation (c) (moments). These equations may 
be solved by graphics or by algebra. There are, therefore, four methods of calculating stresses: 
Graphic Method 
Algebraic Method 
Graphic Method 
Algebraic Method 

The stresses in any simple framed structure can be calculated by using any one of the four 
methods. The method of calculating the stresses in roof trusses by means of graphic resolution 
will be explained in detail. For the calculation of the stresses in roof trusses and other framed 
structures by algebraic resolution and by algebraic and graphic moments the reader is referred 
to the author’s “ The Design of Steel Mill Buildings.” 

Graphic Resolution.—In Fig. 1 the reactions R; and Rz are found by means of the force and 
equilibrium polygons as shown in (6) and (a). The principle of the force polygon is then applied 
to each joint of the structure in turn. Beginning at the joint Zo, the forces are shown in (c), 
and the force triangle in (d). The reaction R; is known and acts up, the upper chord stress 1-x 
acts downward to the left, and the lower chord stress 1~y acts to the right, closing the polygon. 
Stress I—« is compression and stress I~y is tension, as can be seen by applying the arrows to the 
members in (c). The force polygon at joint U, is then constructed as in (f). Stress 1-w acting 
toward joint U; and load P; acting downward are known, and stresses 1-2 and 2-x are found by 
completing the polygon. Stresses 2—x and 1-2 are compression. The force polygons at joints 
ZL, and U;» are constructed, in the order given, in the same manner. The known forces at any 
joint are indicated in direction in the force polygon by double arrows, and the unknown forces 
are indicated in direction by single arrows. 

The stresses in the members of the right segment of the truss are the same as in the left, and 
the force polygons are, therefore, not constructed for the right segment. The force polygons for 
all the joints of the truss are grouped into the stress diagram shown in (k). Compression in the 
stress diagram and truss is indicated by arrows acting toward the ends of the stress lines and toward 
the joints, respectively, and tension is indicated by arrows acting away from the ends of the 
stress lines and away from the joints, respectively The first time a stress is used a single arrow, 
and the second time the stress is used a double arrow is used to indicate direction. The stress 
diagram in (k) Fig. 1 is called a Maxwell diagram or a reciprocal polygon diagram, 74. e., areas 
in the truss diagram become points in the stress diagram. The notation used is known as Bow’s 
notation. The method of graphic resolution is the method most commonly used for calculating 
stresses in roof trusses and in simple framed structures with inclined chords. 

STRESSES IN ROOF TRUSSES.—The methods of calculating dead load, snow load, and 
wind load stresses in roof trusses by graphic resolution will be briefly described. 


Z moments of forces about any point 


Resolution of Forces 


Moments of Forces 
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Dead Load Stresses.—The dead load is made up of the weight of the truss and the roof 
covering, and is usually considered as applied at the panel points of the upper chords in computing 
stresses in roof trusses. If the purlins do not come at the panel points, the upper chord will have 
to be designed for direct stress and stress due to flexure. 

The stress in a Fink truss due to dead loads is calculated by graphic resolution in (a) Fig. 2. 

The loads are laid off, the reactions found, and the stresses calculated beginning at joint Lo, 
as explained in Fig. 1. The stress diagram for the right half of the truss need not be drawn 
where the truss and loads are symmetrical as in (a) Fig. 2; however, it gives a check on the accuracy 
of the work and is well worth the extra time required. The loads P; on the abutments have no 
effect on the stresses in the truss, and may be omitted in this solution. 

In calculating the stresses at joint P3, the stresses in the members 3-4, 4-5 and x-5 are 
unknown, and the solution appears to be indeterminate. The solution is easily made by cutting 
out members 4-5 and 5-6, and replacing them with the dotted member shown. The stresses in 
the members in the modified truss are now obtained up to and including stresses 6—-x and 6-7. 
Since the stresses 6—x and 6-7 are independent of the form of the framework to the left, as can 
easily be seen by cutting a section through the members 6—x, 6-7 and 7-y, the solution can be 
carried back and the apparent ambiguity removed. The ambiguity can also be removed by cal- 
culating the stress in 7—y by algebraic moments and substituting it in the stress diagram. It will 
be noted that all top chord members are in compression and all bottom chord members are in 
tension. 

Snow Load Stresses.—Large snow storms nearly always occur in still weather, and the 
maximum snow load will therefore be a uniformly distributed load. A heavy wind may follow a 
sleet storm and a snow load equal to the minimum given in § 19, “‘ Specifications for Steel Frame 
Buildings,” Chapter I, should be considered as acting at the same time as the wind load. The 
stresses due to snow load are found in the same manner as the dead load stresses. 

Wind Load Stresses.—The stresses in trusses due to wind load will depend upon the direction 
and intensity of the wind, and the condition of the end supports. The wind is commonly con- 
sidered as acting horizontally, and the normal component, as determined by one of the formulas 
in § 20, “ Specifications for Steel Frame Buildings,” Chapter I, is taken. 

The ends of the truss may (1) be rigidly fixed to the abutment walls, (2) be equally free to 
move, or (3) may have one end fixed and the other end on rollers. When both ends of the truss 
are rigidly fixed to the abutment walls (1) the reactions are parallel to each other and to the 
resultant of the external loads; where both ends of the truss are equally free to move (2) the 
horizontal components of the reactions are equal; and where one end is fixed and the other end 
is on frictionless rollers (3) the reaction at the roller end will always be vertical. Either case (1) 
or case (3) is commonly assumed in calculating wind load stresses in trusses. Case (2) is the con- 
dition in a portal or a framed bent. The vertical components of the reactions are independent of 
the condition of the ends. 

Wind Load Stresses: No Rollers.—The stresses due to a normal wind load, in a Fink truss 
with both ends fixed to rigid walls, are calculated by graphic resolution in (b) Fig. 2. The reac- 
tions are parallel and their sum equals the sum of the external loads; they are found by means of 
force and equilibrium polygons. To calculate the reactions, lay off the loads Pi, Po, Ps, Pa, Ps, 
as shown, and select the pole O at any convenient point. Then at a point on line of action of Pi 
in thé truss diagram, draw strings parallel to the rays drawn through the ends of P; in the force 
polygon. The string drawn parallel to the ray common to forces P; and P: in the force polygon 
will cut the force P2 in the truss diagram. Through this point draw a string parallel to the ray 
common to forces P: and Py in the force polygon, and so on until the strings drawn parallel to 
the outside rays meet on the resultant of all the loads. The closing line of the force polygon 
connects the two points on the reactions. Through: point O in the force polygon draw line O-Y 
parallel to the closing line in the equilibrium polygon, R; and R: are the reactions, as shown. 

_ The stress diagram is constructed in the same manner as that for dead loads. Heavy lines 
in truss and stress diagram indicate compression, and light lines indicate tension. c 
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The ambiguity at joint P3 is removed by means of the dotted member, as in the case of the 
dead load stress diagram. It will be seen that there are no stresses in the dotted web members 
in the right segment of the truss. It is necessary to carry the solution entirely through the 
truss, beginning at the left reaction and checking up at the right reaction. It will be seen that 
the load P; has no effect on the stresses in the truss in this case, the left reaction being simply 
reduced if P; is omitted. 
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Wind Load Stresses: Rollers.—Trusses longer than 70 ft. are usually fixed at one end, and 
are supported on rollers at the other end. The reaction at the roller end is then vertical—the hori- 
zontal component of the external wind force being all taken by the fixed end. The wind may 
come on either side of the truss, giving rise to two conditions: (1) rollers leeward and (2) rollers 
windward, each requiring a separate solution. 

Rollers Leeward.—The wind load stresses in a triangular Pratt truss with rollers under the 
leeward side are calculated by graphic resolution in (c) Fig. 2. 

The reactions in (c) Fig. 2 were first determined by means of force and equilibrium polygons, 
on the assumption that they were parallel to each other and to the resultant of the external loads. 
Then since the reaction at the roller end is vertical and the horizontal component at the fixed end 
is equal to the horizontal component of the external wind forces, the true reactions were obtained 
by closing the force polygon. : 

In order that the truss be in equilibrium under the action of the three external forces, Ri, Re 
and the resultant of the wind loads, the three external forces must meet in a point if produced. 
This furnishes a method for determining the reactions, where the direction and line of action of 
one and a point in the line of action of the other are known, providing the point of intersection 
of the three forces comes within the limits of the drawing board. 

The stress diagram is constructed in the same way as the stress diagram for dead loads. 
It will be seen that the load P; has no effect on the stresses in the truss in this case. Heavy lines 
in truss and stress diagram indicate compression, and light lines indicate tension. 

Rollers Windward.—The wind load stresses in the same triangular Pratt truss as shown in 
(c) Fig. 2, with rollers under the windward side of the truss are calculated by graphic resolution 
in (d) Fig. 2. ; ‘ 

The true reactions were determined directly by means of force and equilibrium polygons. 
The direction of the reaction R; is known to be vertical, but the direction of the reaction. Re is 
unknown, the only known point in its line of action being the right abutment. The equilibrium 
polygon is drawn to pass through the right abutment and the direction of the right reaction is 
determined by connecting the point of intersection of the vertical reaction Ry and the line drawn 
through O parallel to the closing line of the equilibrium polygon, with the lower end of the load line. 
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Since the vertical components of the reactions are independent of the conditions of the ends 
of the truss, the vertical components of the reactions in (c) and (d) Fig. 2 are the same. It will 
be seen that the load P; produces stress in the members of the truss with rollers windward. If 
the line of action of Rz drops below the joint Ps, the lower chord of the truss will be in compression, 
as will be seen by taking moments about P3. 

STRESSES IN A TRANSVERSE BENT.—A transverse bent in a steel mill building 
consists of a roof truss supported at the ends on columns and braced against longitudinal move- 
ment by means of knee braces, Fig. 3. The ends of the columns may be fixed at the base or 
may be free to turn (pin-connected). The stresses in a transverse bent are statically indeterminate 
and cannot be calculated without taking in account the deformations of the members themselves. 
The following approximate method, proposed by the author in the first edition of “ The De- 
sign of Steel Mill Buildings,” 1903, gives results that are approximately correct, are on the safe 
side, and is the method now used in practice. 

Dead and Snow Load Stresses.—The stresses due to dead and snow loads in trusses of a 
transverse bent are calculated the same as though the trusses were supported on solid walls. 

Wind Load Stresses.—The external wind loads may be taken (1) as horizontal or (2) as normal 
to the surface. The columns will be assumed to be pin-connected at the tops and to be either pin- 
connected or fixed at the base. It will be assumed that the horizontal reactions at the foot of 
the columns are equal to each other, and equal to one-half of the horizontal component of the 
external wind load. It is also assumed that the truss does not change its length, and that the 
deflection of the columns at the top of the columns and at the foot of the knee brace are equal. 

It is shown in “ The Design of Steel Mill Buildings’ that when the columns are fixed at 
the base the point of contra-flexure comes at a distance of from } to § of the distance from the 
foot of the column to the foot of the knee brace. It is usually assumed that the point of contra- 
flexure is located at a point in the column one-half the distance from the foot of the column to 
the foot of the knee brace. If h = height of the column, d = height from the base of the column 
to the foot of the knee brace, then the distance from the base of the column to the point of contra- 
flexure will be : 


oe 
2 


The calculation of the wind stresses in a transverse bent with a monitor ventilator is shown in 
Fig. 3. The bents are spaced 32 ft. centers and are designed for a horizontal wind load of 20 Ib. per 
sq. ft., the normal wind load being calculated by Hutton’s formula, Fig. 3, Chapter I. The point 
of contra-flexure is found by substituting in equation (4) to be 
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The external forces are calculated for the bent above the point of contra-flexure by multiplying 
the area supported at the point by the intensity of the wind pressure. For example, the load at 
B is 32' X 6.75’ X 20 Ib. = 4320 Ib. 

The line of application and the amount of the external wind load, ZW, is found by means 
of a force and an equilibrium polygon. W acts through the intersection of the strings parallel 
to the rays O-B and O-C, and is equal to C-B (line C—B is not drawn in force polygon) in amount. 
The reactions R and R’ may be calculated graphically as follows:—Lay off the total wind load 
DW so that it will be bisected by point A in Fig. 3. Perpendiculars dropped from the ends of 
load line SW to the dotted lines A B and AC will give V’ = 12,800 lb., and V = 700 lb., respec- 
tively. Then R and R’ are calculated as shown. 

The calculation of stresses is begun at point B in the windward column, and in the stress 
diagram the stresses at B are found by drawing the force polygon a-B-A-b-a. The remaining 
stresses are calculated as for a simple truss. In calculating the stresses in the ventilator it was 
assumed that diagonals 9-10 and 10-12 are tension members, so that 9-10 will not be in action 
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when the wind is acting as shown. Before solving the stresses at the joint 6-7-9 it was necessary 
to calculate the stresses in members 7-11, 10-11 and 9-h. The remainder of the solution offers 
no difficulty to one familiar with the principles of graphic statics. 
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The stress in post b-a is equal to V, while the stress in I-c is found by extending 1-c to c’ 
in the stress diagram, c’ being a point on the load line. The stress in post m—A is equal to V’, 
while the stress in 19~m is found by extending 19~m to m’ in the stress diagram, m’ being a point 
on the horizontal line drawn through C, _ The kind of stress in the different members is shown 
by the weight of lines in the bent and stress diagrams. 

For a detailed discussion of the calculations of the stresses in a transverse bent, see ‘‘ The 
Design of Steel Mill Buildings.” j 2 

STRESSES IN BRIDGE TRUSSES.—The stresses in bridge trusses may be calculated 
’ by applying the condition equations for equilibrium for translation, resolution; or by applying 
the condition equation for equilibrium for rotation, moments. Both resolution and moments may 
be calculated algebraically or graphically, giving four methods for calculation the same as for 
roof trusses. 
Maximum Stresses.—The criteria for loading a truss or beam for maximum and minimum 
stresses are given on page 160, Chapter IV. 

Problems.—The methods of calculating the stresses in bridge trusses are shown by several 
problems taken from the author’s ‘‘ The Design of Highway Bridges.” 
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ProBLEM t, Drap Loap STRESSES IN A CAMEL-BACK TRUSS BY GRAPHIC RESOLUTION. 


(a\ #roblem.—Given a Camel-back (inclined Pratt) truss, span 160’ 0’’, panel length 20’ 0”, 
dent’ at the hip 25’ 0’, depth at the center 32’ 0’’, dead load 400 lb. per lineal foot per truss. 
Calculate the dead load stresses by graphic resolution. Scale of truss, 1’ = 25’ 0’. Scale of 
loads, 1’’ = 10,000 lb. : 

(b) Methods.—The loads beginning with the first load on the left are laid off from the bottom 
upwards. Calculate the stresses by graphic resolution, beginning at R; and checking up at Ro. 
Follow the order given in the stress diagram. 

(c) Results.—The top chord is in compression and the bottom chord is in tension. All 
inclined web members are in tension; while part of the posts are in compression and part are in 
tension. Member 1-2 is simply a hanger and is always in tension. 


ProsBLtEM 2. DEAD LoAD STRESSES IN A PETIT TRUSS BY GRAPHIC RESOLUTION, 


(a) Problem.—Given a Petit truss, span 350’ 0’, panel length 25’ 0,’ depth at hip 50’ 0”, 
depth at center 58’ 0’’, dead load 0.9 tons per lineal foot per truss. Calculate the dead load 
stresses by graphic resolution. Scale of truss, 1” = 50’ 0’. Scale of loads, 1’” = 45 tons. 

(b) Methods.—The loads beginning with the first load on the left are laid off from the top 
downwards. Calculate R: and R2. Calculate the stresses in the members at the left reaction 
by constructing force triangle 1-Y—X. Then calculate the stress in 1-2 by constructing polygon 
Y-1-2-Y. Draw 3-2, which is the stress in member 3-2. Then pass to joint W2 where there 
appears to be an ambiguity, stress 4-5 being unknown. To remove the ambiguity proceed as 
follows: At Ws on the left side of the stress diagram assume that Ws is the stress in 5-6 (the 
member 5-6 is simply a hanger and the stress is as assumed). Calculate the stress in 4-5 by 
completing the triangle of stresses in the auxiliary members. The stresses are now all known 
at Ws. except 3-4 and 5-Y, but the stress in 4-5 is between the two unknown stresses. First 
complete the force polygon 2-3-4-5’-Y-Y-2. Then by changing the order the true polygon 
2-3-4-5-Y-Y-2 may be drawn. This solution is sometimes called the method of sliding in a 
member. The apparent ambiguity at joint Wsmay be removed in the same manner. | The stress 
diagram is carried through as shown and finally checked up at Rz. It will be seen that there is 
no apparent ambiguity on the right side of the truss. 

(c) Resuits.—It will be seen that the Petit truss is an inclined Pratt or Camel-back truss 
with subdivided panels. The auxiliary members are commonly tension members in all except 
the end primary panels as in the Baltimore truss in Problem 6. It will be seen that the stresses 
in the first four panels of the lower chord are the same. The loads in this type of Petit truss are 
carried directly to the abutments. The Petit truss is quite generally used for long span highway 
and railway bridges. 


“a 


PROBLEM 3. Maximum AND MINIMUM STRESSES IN A WARREN TRUSS BY ALGEBRAIC 
RESOLUTION. 


(a) Problem.—Given a Warren truss, span 160’ 0’, panel length 20’ 0’’, depth 20’ 0’, dead 
load 800 Ib. per lineal foot per truss, live load 1,600 Ib. per lineal foot per truss. Calculate the 
maximum and minimum stresses in the members due to dead and live loads by algebraic reso- 
lution. Scale of truss as shown. : 

(b) Methods.—Dead Load Stresses.—Beginning at the left end the left reaction is R; = 33W. 
The shear in the first panel is 3}W, in the second panel is 2}W, in the third panel is }W, and 
in the fourth panel is }W. Now resolving at R; the stress in 1-Y = — 33W-tan 0, stress 1I—X 
= +31W-sec 0. Cut members 1-Y, 1-2 and 2-X and the truss to the right by a plane and 
equate the horizontal components of the stresses in the members. The unknown stress 2—X 
will equal the sum of the horizontal components of the stresses in 1-Y and 1-2 with sign changed, 
= — (— 3} — 34)W-tand = +7Wtand. The stress in 3-Y = —(7 +23)W tan@ = — 
93W-tan6. Stress in 4-X = — (— 93 — 23)W-tan@ = + 12W-tan 9; stress in 5-Y = — 
(+ 12 +13)W-tan 6 = + 13}W-tan 6; and the stress in 6-X = — (— 133 — 12)W-tan0 = 
+15W-tan 6; etc. The coefficients of the chord stresses when multiplied by W tan @ give 
the stresses, while the coefficients for the webs when multiplied by W-sec @ give the web 
stresses. 

Live Load Stresses.— Chord Stresses —The maximum ‘chord stresses occur when the joints 
are all loaded, and the chord coefficients are found as for dead loads. The minimum live load 
stresses in the chords occur when none of the joints are loaded, and are zero for each member. 

Web Stresses.—The maximum web stresses in any panel occur when the longer segment into” 
which the panel divides the truss is loaded, while the shorter segment has no loads on it. The- 
minimum live load web stresses occur when the shorter segment is loaded and the longer segment 
has no loads on it. The maximum stresses in members I-X and 1-2 occur when the truss is fully 
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loaded. The shear in the panel is 33 P, or 28 P, and the stressin 1-X = 33P:+sec 0 = + 125,400 
Ib., while the stress in 1-2 = — 3} P-sec 9 = — 125,400 lb. The minimum stresses in 1X and 
I-2 are zero. The maximum stresses in 2-3 and 3-4 occur when 6 loads are on the right of the 
panel and there are no loads on the left of the panel. The shear in the panel will then be equal 
to the left reaction, = R; = (6 X 33 X P)/8 =2:P. The stress in 2-3 = 23 P-sec@ = 
+ 94,080 Ib., while the stress in 3-4 = — 41P-sec @ = — 94,080 Ib. The minimum stresses 
in 2-3 and 3-4 will occur when there is one load on the shorter segment. In the corresponding 
panel on the right of the truss, if the shorter segment is loaded, the left reaction = }P = the 
shear in the panel. The minimum stress in 2-3 = —iP-seco = — 4,480 lb., while the 
minimum stress in 3-4 = + 4,480 lb. The stresses in the remaining panels are calculated in the 
same manner. The maximum chord stresses are equal to the sum of the dead and live load chord 
stresses. The minimum chord stresses are the dead load chord stresses. The maximum web 
stresses are equal to the sum of the dead and the maximum live load web stresses. The minimum 
web stresses are equal to the algebraic sum of the dead load stresses and the minimum live load 
stresses. 

(c) Results.—The web members 7-6 and 7-8 have a reversal of stress from tension to com- 
pression, or the reverse. These members must be counterbraced to take both kinds of stress. 


PROBLEM 4. Maximum AND Minimum Srresses IN A Pratt Truss By ALGEBRAIC 
RESOLUTION. 


(a) Problem.—Given a Pratt truss, span 140’ 0”, panel length 20’ 0”, depth 24’ 0’, dead 
load 800 lb. per lineal foot per truss, live load 1,600 Ib. per lineal foot per truss. Calculate the 
maximum and minimum stresses due to dead and live loads by algebraic resolution. Scale of 
Enissan = 20° of”) 

(6) Methods.—Construct three truss diagrams as shown. On the first. place the dead load 
coefficients and the dead load stresses. On the second place the live load coefficients and the 
live load stresses. On the third place the maximum and minimum stresses due to dead and live 
loads. The maximum chord stresses are the sums of the dead and live load chord stresses, while 
the minimum chord stresses are those due to dead load alone. The hip vertical is simply a hanger 
and has a minimum stress of one dead load and a maximum stress of one live and one dead load. 
The conditions for maximum and minimum stresses in the webs are the same as for the Warren 
truss, the vertical posts having stresses equal to the vertical components of the stresses in the 
inclined web members meeting them on the unloaded (top) chord. 

(c) Results.—There is no dead load shear in the middle panel, but it is seen that there are 
stresses in the counters for live loads. Only one of the counters will be in action at one time 
Whenever the center of gravity of the loads is not in the center line of the truss, that counter 
will be acting that extends downward toward the center of gravity. The numerators of the 
maximum and minimum live load web coefficients are 0, I, 3, 6, 10, 15, 21, as for the Warren 
truss. This shows that the maximum and minimum web stresses are proportional to the ordinates 
to a parabola. 


PROBLEM 5. MAxImMUM AND MINIMUM STRESSES IN A DECK BALTIMORE TRUSS BY ALGEBRAIC 
RESOLUTION. 


(a) Problem.—Given a deck Baltimore truss, span 280’ 0”, panel length 20’ 0”, depth 
40' 0”, dead load 0.375 tons per lineal foot per truss, live load 0.625 tons per lineal foot per truss. 
Calculate the maximum and minimum stresses due to dead and live loads by algebraic resolution. 

(6) Methods.—Construct three truss diagrams and use them as shown. 

Dead Load Stresses.—The auxiliary struts 1-2, 5-6, 9-10, etc., carry a full dead load com- 
pression, while the auxiliary web members 2-3, 6-7, 10-11, etc., have a tensile stress of }W-sec 0. 
The stress in 1-Y equals the shear in the panel multiplied by sec 9 = — 64W-sec 6. The stress 
in 3—-Y equals the shear in the panel multiplied by sec 0, plus the inclined component of the one- 
half load that is carried toward the center by the auxiliary member 2-3, = — (54 + 4)W-sec 0 
= — 6W-sec 6. The stress in 3-4 is the vertical component of the stress in 3-Y = + 6W. 
The stress in 4~Y is the horizontal component of the stress in 3-Y = — 6W-tan 0. The stress 
in 1-X and 2-X = + 63W-tan 6. The stress in 4—5 is the inclined component of the shear in 
the panel = —43W-sec@. The stress in 5-X = — (— 6 — 41)W-tan0 = + 103W-tan 0. 
The remaining dead load stresses are calculated in a similar manner. 

Live Load Web Stresses—The maximum shears in the different panels occur when the longer 
segment of the truss is loaded, while the minimum shears occur when the shorter segment of the 


. truss is loaded. The maximum stresses in the webs in the first and second panels occur for a 


full live load on the bridge. The maximum shear in the third panel occurs with all loads to the 
right of the panel and no loads to the left. The shear in the panel will then be equal to the left 


reaction = II X 3(11 + 1)P/1q4 = §$P. The maximum live load stress in 4-5 will be = 
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— $%P-sec 6. With a maximum stress in 4-5 the stress in 4-7 will be = (— 66/14 + 7/14) P- 
sec 0 = — }3%P-sec@. This is the maximum stress, for the stress in 4-7 when there is a 
maximum shear in the panel is = 10 X 11/2Xq¢P-sec@ = — §3P-secd. In a similar 
manner it will be found that maximum stresses in members 8-9 and 8-11 occur with a maximum 
shear in 8-9. On the right side it will be seen that minimum stresses in the diagonals occur for a 
minimum shear in the odd-numbered panels from the right. 

(c) Results——The dead and live loads were assumed as applied on the upper chord. The 
upper chords are in compression, while the lower chords are in tension the same as for a through 
truss. The live and dead load stresses are given separately on the left side of the lower truss. 


Propiem 6. Maxrtwum AND Minmum Stresses IN A THROUGH BALTIMORE TRUSS BY ALGEBRAIC 
RESOLUTION. 


(a) Problem.—Given a through Baltimore truss, span 320’ 0’, panel length 20’ 0’, depth 
40’ 0”, dead load 800 Ib. per lineal foot per truss, live load 1,800 Ib. per lineal foot per truss. 
Calculate the maximum and minimum stresses due to dead and live loads by algebraic resolution. 
Scale of truss, 17 = 40’ 0”. 

(b) Methods.—Construct three truss diagrams as shown. 

Dead Load Stresses The shear in each of the hangers is W, while the stress in each of the 
diagonal auxiliary members is — }W-sec 9. The stress in the upper part of the end-post is 
(+ 64 + 4)W-sec 0 = + 7W-sec 8, where + 63W-sec @ is the stress due to the shear and 
“| 2W-sec @ is the stress due to the half load carried toward the center by the auxiliary diagonal 
member. The stress in the main diagonal in the third panel is — 53W-sec 0, where 53W is the 


shear in the panel; while the stress in the diagonal in the fourth panel is (— 43 — 3)W-sec@ = 
— 5W-sec 6, where 43W-sec @ is the stress due to the shear in the panel and 3W:sec @ is the 
stress carried toward the center of the truss by the auxiliary member. The chord coefficients 
are calculated as in Problem 5. 

Live Load Stresses-—The maximum shear in the third panel occurs with 13 loads to the 
right of the panel and with no loads to the left of the panel. The shear in the panel is then equal 
to the left reaction, equals 13 X 3(13 +1) X P/16 = ¢}P. _ The stress in the main diagonal 
in the third panel is then equal to — ?;P-sec @. The stress in the main diagonal in the fourth 
panel is (— ?}P + #;P) sec @ = — }§P sec 0, =a maximum, the maximum shear in the panel 
being 12 X 4(12 +1) X P/16 =4§P. In like manner the maximum stresses are found in 
5th and 6th panels when there is a maximum shear in the 5th panel, and in the 7th and 8th panels 
when there is a maximum shear in the 7th panel. Minimum stresses in the 3d and 4th panels 
from the right abutment occur when there is a minimum shear in the 3d panel; and in the 5th 
and 6th panels when there is a minimum shear in the 5th panel. 

(c) Results.—The double panels next to the center require counters. It should be noticed 
that in calculating the stresses in these counters the diagonal auxiliary ties will have the dead 
load stress of + 5.66 tons as a minimum. 


ProsteM 7. Maximum AND Minimum STRESSES IN A CAMEL-BACK Truss By ALGE- 
BRAIC MOMENTS. 


(a) Problem.—Given a Camel-back truss, span 100’ 0”, panel length 20’ 0’, depth at hip 
20’ 0”, depth at center 25’ 0’’, dead load 300 Ib. per lineal foot per truss, live load 800 lb. per 
lineal foot per truss. Calculate the maximum and minimum stresses due to dead and live loads 
by algebraic moments. Scale of truss, 1” = 20! 0”. 

(6) Methods.—Calculate the arms of the forces as shown and check the values by scaling 
from the drawing. 

Dead Load Stresses—To calculate the stress in the end-post ZoUi, take center of moments 
at Li, and pass a section cutting LoUi, U:Li and LL, and cutting away the truss to the right. 
Then assume stress LoU, as an external force acting from the outside toward the cut section, 
and stress LoU; X 14.14 — Ri X 20 =0. Now Ri = 6 tons and stress LoU; = + 8.48 tons. 
To calculate the stresses in LoL; and L,L2 take the center of moments at Uj, and pass a section 
cutting members U,U2, U;L2 and LZ, and cutting away the truss to the right. Then assume 
the stress in L; L)as.an external force acting from the outside toward the cut section, and L, Lex 20 
— Ri X20 =0. Now R; = 6 tons and the stress in Loli = Li L2 = — 6 tons. To calculate 
the stress in U, Us take the center of moments at L2, and pass a section cutting members U; U2, 
UsLy and LyLy’, and cutting away the truss to the right. Then assume the stress in L,U2 as an 
external force acting from the outside toward the cut section, and U,U2 X 24.25 — Ri X 40 + W 
x20 =0. Now R; = 6, W =3 tons, and the stress in UiU2 = + 7.42 tons. To calculate 
the stress in U;L2 take the center of moments at A, and pass a section cutting members U, U2, 
U,L2, and L;L2, and cutting away the truss to the right. Then assume the stress in U; Lz as an 
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external force acting from the outside toward the cut section, and U,L2 X 70.7 + Ri X 60 
— WX 80=0. Now R; = 6 tons and W = 3 tons, and U;L, X 70.7 = — 120 ft.-tons, and 
stress U;L, = — 1.70 tons. The other dead load stresses are calculated as shown. 

Live Load Stresses.—The live load chord stresses are equal to the dead load chord stresses 
multiplied by 8/3. The maximum stress in U,L» will occur with loads at Lo, L2!, and Ly’, while 
the maximum stress in counter U2, will occur with a load at L; only. The maximum tension 
in U2L»2 will occur with all the live loads on the bridge, while the maximum compression will 
occur when there is a maximum stress in the counter UL,’ , loads at Le’ and Ly’. The details 
of the solution are shown in the problem. 

(c) Results.—The stress in the counter UzL2! and the chords U:Uy/ and LoL,’ may be 
calculated by the method of coefficients, and will be the same as for a truss with parallel chords 
having a depth of 25’ 0’. The maximum stress in U,L,' will occur with loads L»’ and Ly’ on the 
bridge, when the left reaction equals 2 X 3P/5 =$P. The stress-in UL.’ = — £P-sec 0 
= — 6.15 tons. 


PROBLEM 8. Maximum AND Minimum STRESSES IN A THROUGH WARREN TRUSS BY 
GrapPHic MOMENTS. 


(a) Problem.—Given a through Warren truss, span 140’ 0’, panel length 20’ 0’, depth 
20’ 0”, dead load 800 Ib. per lineal foot per truss, live load 1,200 Ib. per lineal foot per truss. 
Calculate the maximum and minimum stresses by graphic moments. Scale of truss, 1” =20" 0% 
Scale of loads, 1’’ = 50,000 lb. 

(6) Methods. Chord Stresses.—Calculate the center ordinate of the parabola = w- L?/8d 
= 98,000 lb., and lay it off at 5 to the prescribed scale. Now lay off the vertical line 1-5 at the 
left and right abutments. Make 1-2 = 2-3 = 3-4 = 2 (4-5). Draw the inclined lines 1-5, 
2-5, 3-5, 4-5, 5-5: The intersections of these lines with verticals let drop from the lower chord 
points are points in the stress parabola for the upper chord stresses. The stresses in the lower 
chords are the arithmetical means of the stresses in the upper chords on each side. By changing 
the scale the live load stresses may be scaled directly from the diagram. 

Web Stresses.—At the distance of a panel to the left of the left abutment lay off the vertical 
line 1-8 equal to one-half the total live load on the truss, to the prescribed scale, equal 1,200 X 70 
= 84,000 Ibs. Now divide the line 1-8 into as many equal parts as there are panels in the truss, 
and mark the points of division 2, 3, 4, etc. Connect these points of division with the panel 
point 7, the first panel point to the left of the right abutment. Drop verticals from the panel 
points of the lower chord of the truss to the line 1-8, and the intersections of like numbered lines 
will give points on the curve of maximum live load shears. 

To construct the dead load shear diagram, lay off 3W, downward to the prescribed scale 
under the left abutment, and reduce the shear under each load to the right by W, until the dead 
pee shear is — 3W at the right abutment. The dead load shear diagram is then constructed as 
shown. 

Maximum and Minimum Web Stresses—The maximum shear in any panel is then the ordinate 
to the right of the panel point on the left end of the panel, and the stresses in the web members 
are calculated by drawing lines parallel to the corresponding member as shown. Negative stresses 
are measured downwards from the live load shear curve, and positive stresses are measured 
upwards from the live load shear curve. 

(c) Results.—This method is an excellent one for illustrating the effect of the different 
systems of loads, but consumes too much time to be of practical use. It should be noted that 
the maximum ordinate to the chord parabola is not a chord stress in a Warren truss with an 
odd number of panels. 


PROBLEM 9. Maximum AND Minimum SrrEssEs IN A Petit Truss By ALGEBRAIC 
Moments. 


(a) Problem.—Given a Petit truss, span 350’ 0”, panel length 25’ 0’, depth at the hip 
50’ 0”, depth at center 58’ 0”, dead load 0.9 tons per lineal foot per truss, live load 1.4 tons per 
lineal foot per truss. Calculate the maximum and minimum stresses due to dead and live loads 
by algebraic moments. Scale of truss, 1” = 40’ 0’. Scale of lever arms, any convenient scale. 

(6) Methods.—Construct a truss diagram carefully to scale as shown. Construct one- 
half the truss to scale on a large piece of paper and calculate the lever arms as shown, and check 
by scaling from the diagram. The methods of calculation will be shown by two examples: 

1. Stresses in Tie 6-7. Dead Load Stress.—Pass a section cutting members 7—X, 6-7, and 
.6-Y, and cutting away the truss to the right. The center of moments will be at A, the inter- 
section of chords 7~X and 6-Y. Now assume the stress in 6-7 as an external force acting from 
the outside toward the cut section. Then for equilibrium 6-7 X 477.0 + Ri X 575 —3W 


37 
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x 625 =0. Now Ri = 146.25 tons and W = 22.5 tons, and solving the equation gives stress 
6-7 = — 87.8 tons. 

Live Load Stresses—The maximum live load stress in 6-7 will occur with the longer segment 
of the truss loaded. Taking moments about point A as for the dead loads the maximum live 
load stress 6-7 X 477.0 + Ri X 575 =0. Now Ri = 55/14 X 35 tons = 137.5 tons, and the 
stress in 6-7 = — 165.8 tons. 

The minimum live load stress in 6-7 will occur with the shorter segment of the truss loaded. 
Taking moments about the point A, 6-7 X 477.0 + Ri X 575 — 3P X 625 =0. Now Ri = 90 
tons, P = 35 tons, and stress in 6-7 = + 29.1 tons. 

2. Stresses in Tie 4-7. Dead Load Stress.—Pass a section cutting members 7—X, 4-7, 4-5 - 
and 5—-Y, and cutting away the truss to the right. Now assume the stress in 4~7 as an externa 
force acting from the outside toward the cut section. Then for equilibrium about the point A, 
stress 4-7 X 477.0 + Ri X 575 — stress 4-5 X 442.0 — 2W X 612.5 = 0. Now the member 
4-5 will carry one-half the load carried by 5-6, and the stress equals 1/2 X 22.5 X 1.414 = 
+ 15.9 tons. R, = 146.25 tons, and 2W = 45 tons. Then stress 4-7 = — 103.6 tons. 

Live Load Stresses —The maximum live load stress in 4-7 will occur with the longer segment 
loaded. -Taking moments about A as for dead loads, stress 4-7 X 477.0 + Ri X 575 — stress 
4-5 X 442.0 = 0. Now stress 4-5 = + 24.8 tons, and R, = 66/14 X 35 = 165 tons. Then 
stress 4-7 = — 175.7 tons. 

The minimum live load stress in 4-7 will occur with two loads to the left of the panel. Taking 
moments about the point A, the stress 4-7 X 477.0 + Ri X 575 — 2P X 612.5 =0 Now 
R, = 62.5 tons and 2P = 7o tons. Then stress 4-7 = + 14.5 tons. 

The stresses in the members in the first and second panels and in the two middle panels 
may be calculated by coefficients. Check up the dead load chord stresses hy comparing with 
the stresses obtained by graphic resolution in Problem 2. 

(c) Results.—The auxiliary members carry the stresses directly toward the abutments and 
there is no ambiguity of loading as in the case of a truss subdivided as in Problem 6. However, 
the method of subdividing shown in Problem 6 is used in preference to that shown in this problem. 
The Petit truss is quite generally used for long span pin-connected highway and railway bridges. 


PROBLEM 10. Live LoAD STRESSES IN A THROUGH PRATT TRUSS FOR COOPER’S E 60 
LOADING. 


(a) Problem.—Given a Pratt truss, span 165’ 0’, panel length 23’ 63’’, depth 30’ 0”, live 
load Cooper’s E 60 loading. Calculate the position of the loads and the maximum and minimum 
stresses due to the prescribed loading by algebraic moments. Scale of truss, 1’ = 25’ 0”. 

(b) Methods. Chord Stresses.—Calculate the position of the wheels for a maximum bending 
moment at the different joints in the lower chord. The criterion for maximum bending moment 
at any joint in a Pratt truss is, ‘‘ the average load on the left of the section must be the same 
as the average load on the entire bridge.’’ Having determined the wheel that is at the joint for 
a maximum moment, calculate the maximum bending moment as shown Having calculated 
the maximum bending moments, the chord stresses are found by dividing the bending moment 
by the depth of the truss. The moment diagram is given in Table Vb, Chapter IV. 

Web Stresses—Calculate the position of the wheels for maximum shears in the different 
panels. The criterion for maximum shear in a panel is, “ the load on the panel must equal the — 
load on the bridge divided by the number of ‘panels.’’ The criterion for maximum bending 
moment at Ly; is the same as the criterion for maximum shear in panel LoL;. Having deter- 
mined the position of the wheels for maximum shears in the different panels, calculate the maxi- 
mum shears as shown. The stress in a web is equal to the shear in the panel multiplied by sec 0. 

Floorbeam Reaction.—The stress in the hip vertical U;L1 is equal to the maximum floorbeam 
reaction. This is calculated as follows: Take a simple beam with a span equal to the sum of two 
panel lengths and calculate the maximum bending moment at the point in the beam corresponding 
to the panel point; in this case it will be the center of the span. This bending moment multiplied 
by the sum of the panel lengths divided by the product of the panel lengths will be the maximum 
floorbeam reaction; in this case the maximum bending moment at the center will be multiplied 
by 2 divided by the panel length. 

(c) Results——When the maximum stresses occur in chords U2U3, U3Us' and L;L;’, counter 
Uy’ Ls is in action. It occasionally happens that there is more than ohe position of the loading 
that will satisfy the criterion for maximum bending momént. In this case the moments for each 
loading must be calculated. 


PROBLEM II. STRESSES IN THE PorTAL OF A BRIDGE BY ALGEBRAIC MOMENTS AND 
GRAPHIC RESOLUTION. 


(a) Problem.—Given the portal of a bridge of the type shown, inclined height 30’ 0”, center 
to center width 15/ 0’, load R = 2,000 Ib., end-posts pin-connected at the base. Calculate the 
stresses by algebraic moments and check by graphic resolution. Scales as shown. 
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(b) Methods.—Now H = H’ = 1,000 lb. = — V’, and by taking moments about, B, 
V = 30 X 2,000/15 = 4,000 lb. = — V’. 

Algebraic Moments.—In passing sections care should be used to avoid cutting the end-posts 
for the reason that these members are subject to bending stresses in addition to the direct stresses. 
To calculate the stress in member 3-Y take the center of moments at joint (1) and pass a section 
cutting members 4—b, 3-4 and 3-Y, and cutting the portal away to the left of the section. Then 
assume stress 3~Y as an external force acting from the outside toward the cut section, and 3-Y 
X 10 X 0.447 + H X 30’ =0. The stress in 3-Y = — 6,710 lb. The remaining stresses are 
calculated as shown. 

Graphic Resolution—Lay off a-A = A-b = H = 1,000 Ib., and A-Y = V’ = 4,000 bb. 
Then beginning at point B in the portal the force polygon for equilibrium is a—4—Y-r’-a, in 
which t’—a is the stress in the auxiliary member 1-a, and Y~1’ is the stress in the post I-Y when 
the auxiliary member is acting. The true stress in 1-Y is equal to the algebraic sum of the vertical 
components of the stress 1’-¢ and Y-1’, and equals V’ = — 4,000 lb. Next complete the force 
triangle at the intersection of the auxiliary members. Stress 1/-a is known and the force triangle 
is a-1'—2’—-a, the forces acting as shown. ‘The stress diagram is carried through in the order shown, 
checking up at the point A. The correct stresses are shown by the full lines in the stress diagram. 
The true stress in 3-2 will produce equilibrium for vertical stresses at joint (1) as shown. The 
maximum shear in the posts is H = 1,000 lb. The maximum bending moment in the posts will 
occur at the foot of the member 3-Y, joint (3), and is M = 1,000 X 20 X 12 = 240,000 in.-lb. 

(c) Results.—The method of graphic resolution requires less work and is more simple than 
the method of algebraic moments. 

Note: The portal is not pin-connected at joints (3) and the corresponding joint on the oppo- 
site side, as might be inferred from the figure. 


PROBLEM 12. WIND Loap STRESSES IN A TRESTLE BENT. 


(a) Problem.—Given a trestle bent, height 45’ 0”, width at the base 30’ o”, width at the top 
9’ 0”, wind loads Po, P:, Po, Ps, Ps, as shown. Calculate the stresses in the members of the 
bent due to wind loads by algebraic moments, and check by calculating the stresses by graphic 
resolution. Assume that the diagonal members are tension members, and that the dotted members 
are not acting for the wind blowing as shown. Scale of truss, 1’ = 10’ 0’’, Scale of loads, 
1” = 2,000 lb. 

(0) Methods.— Algebraic Moments.—To calculate the stresses in the diagonal members take 
centers of moments about the point A, the point of intersection of the inclined posts. Then to 
calculate the stress in 3-4, pass a section cutting members 3-X, 3-4 and 4—Y; assume that the 
stress in 3-4 is an external force acting from the outside toward the cut section, and 3-4 X 15.9/ 
+ 3,000 X 19.3’ + 3,000 X 11.3’ = 0. The stress 3-4 = — 5,800 Ib. Stresses in 4-5, 5-6, 
6-7, 7-8 and 8—Z are calculated in a similar manner. To obtain reaction R; take moments about 
Rz, and R; X 30’ — 2,000 X 15’ — 2,000 X 30‘ — 3,000 X 45’ — 3,000 X 53 = 0. Then Rj 
= 12,800 lb. = — Ro. f 
; To calculate the stress in 4-Y, take center of moments at joint Ps, and pass a section cutting 
members 5-X, 4-5 and 4—Y, and assume the stress in 4-Y as an external force acting from the 
outside toward the cut section. Then 4-Y X 15.6’ — 3,000 X 15’ — 3,000 X 23 = 0. Then 
4-Y = + 7,300 lb. f 

Graphic Resolution—The load Py is assumed as transferred to the bent by means of the 
auxiliary members. The loads Po, P1, Po, P;, Ps are laid off as shown, and with the load Pp the 
stress triangle Y—X-2 is drawn. The remainder of the solution is easily followed. 

(c) Results.—The stress in the auxiliary member 2-Y acts as a load at the top of post 4-Y. 
Load Po is the wind load on the train and is transferred to the rails by the car. For the reason 
that the wind may blow from the opposite direction, both sets of stresses must be considered in 
combination with the dead and live load stresses in designing the columns. 
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Bridge Analysis. Deck Baltimore Truss. Problem 5- 
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ax.and Min.Stresses. Algebraic Resolution. 
4 +65 4 +105 +105 grlek yy +l2s yH125 a 
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Span,L,=280'o! 
Panel,\,=20'-o"! tan 6 =1.00. 
Depth,d,=4o!'-o" Stresses in Tons. ; 


Bridge Analysis. Baltimore Truss: Problem 6 


. . tf 
Wan 0 Algebraic Resolution. Span 320 
+lez +153 +163 +/32.00___+124.00___+100.00 


ne 


WWWWWW WW W WW WWW Wh 
W tan 0 W=8 Tons, Wsec 0=/1.3/ Tons, W tan 0-6 Tons. 
Dead Load Coefficients. Dead Load Stresses in Tons. \20 ‘sbe20% 


ee at er we ow we we + ee ee 320 Le le ee een eee Se a 
Maximum — Live Load Web Coefticients - Minimum 


P=/8Tons, GP sec 8=1.59 Tons, 7gPtan 0=1.125 Tons. 
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CHAPTER XVII. 
THE DESIGN oF STEEL DETAILs. 


_Introduction.—The design of any structure involves the design of the different members 
and the connections. In this chapter the design of the various steel details will be considered as 
fully and completely as the limited space permits. The design of the members and details of a 
steel structure are governed by the specifications for the particular structure. Reference will 
be made by section and page to the various specifications in this book. 

MEMBERS IN TENSION.—Several different methods for making end connections of bars are 
shown in Fig. 1. Loop Bars, (a) Fig. 1, are used for lateral bracing on highway bridges, buildings 
and towers, with turnbuckles or sleeve nuts, to make them adjustable as shown in Tables 92 and 
94. (All tables numbered with Arabic numerals are in Part II.) Clevises, (6) Fig. 1, are used 
to secure the ends of bars used as lateral bracing on highway bridges and on buildings. The pin 
may be either a cotter pin as shown in Table 96, or a bridge pin as shown in Table 95. Ordinary 
eye-bars, (c) Fig. 1, are used principally for lower chords and main ties on bridges. Data for eye- 
bars are given in Table 91. Counters are made of adjustable eye-bars as shown in Table or. 
Bottom lateral plates or skew-backs, (d) F ig. I, are used to secure the ends of bottom lateral rods 
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(a) Loop. (6)Clevis. (Lye 
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(e) Toplateral or Y-Plake. 
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(dh) Bottomlaleral Plate 


or Skew back. (F) Cooper Hitch. (h) Beveled Washer, Cast Iron. 


Fic. 1. DrETAILS oF TENSION MEMBERS. 


of highway bridges and are shown in Table 121. Top lateral plates or U-plates, (e) Fig. 1, are 
used for top lateral connections on highway bridges and for lateral bracing on buildings, highway 
bridges and towers, see Table 122. The Cooper hitch has the same uses as the top lateral plate. 
The angle as shown in (g) Fig. 1 is used for end connections for light bars in buildings and towers, 
see Table 120. Cast iron beveled washers, (#). Fig. 1, are used for end connections of diagonal 
bracing, see Table 120. The ends of bars should be upset as shown in Tables 89 and 90, so that 
the strength in the threads will be greater than the strength of the main body of the bar. The 
dimensions of tie rods for beams are shown in Table 105. 
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In selecting bars in tension the area is determined by the formula: 


where A is the required area, P the total tension in the bar and f: the allowable unit tensile stress. 
The following problems are given to illustrate the use of the tables in selecting the details for 
bars, etc. 


Loop Bar.—Select a loop bar to carry a tensile stress of 48,000 Ib., one end passing around a 
3 in. pin and the other end around a 3 in. pin, the center to center distance between pins being 
30’ 0”. 

References.—Specification § 8, p. 55; § 33) P- 57: § 84, p. 60; § 91, p. 61; § 104, p. 61; § 108, 
p. 62; § 116, p. 62; § 37, p. 141; § 49, p- 142; § 61, p. 142; § 14, p. 206; § 36, p. 206; § 15, p. 209; 
§ 36, p. 210; § 230, p. 363; § 8, p. 379; § 42, p. 381; § 28, p. 385. 

Solution.—Using an allowable unit stress of f; = 16,000 lb. per sq. in., the area required is, 


_ P _ 48,000 
~ fe 16,000 


= 3.00 sq. in. 


A bar 134 in. square has an area of 3.06 sq. in. (Table 6), and a 2 in. round bar has an area of 3.14 
sq. in. (Table 6). Either bar could be used. Using the 134 in. square bar the additional length 
required to pass around a 3 in. pin is 1’ 11” (Table 92), and for a 3% in. pin is 2’ 1, making it 
necessary to add 4’ 0’ to the center to center distance of pins to obtain the total length of bar. 

If a turnbuckle is used the upset required on a 134 in. square bar is 214 in. in diameter and 5% 
in. long (Table 89), requiring 414 in. extra material to make each upset, or 9 in. for the two up- 
sets. The weight of a turnbuckle for a 214 in. screw is 25 lb. (Table 94). The clearance between 
the ends of the screws for all turnbuckles is 5 in. (Diagram at top of Table 92). 

The total length and weight of the 134 in. square bar is therefore: 

c. toc. of pins, less 5 in., = 29’ 7” of 134 in. square bar, @ 10.41 Ib. per ft. (Table 6) = 308.0 Ib. 


Material for 2 loops = 4’ 0" of 134 in. square bar, @ 10.41 Ib. per ft. (Table 6) = 41.6 lb. 
Material for 2 upsets = 0/9” of 134 in. square bar, @ 10.41 Ib. per ft. (Table 6) = 7.8 Ib. 
One Turnbuckle @25 Ib. (Table 94) = 25.0 lb. 

Total Length = 34 4” Total Weight 1) = 302.4 Ib. 


If a sleeve nut is used, instead of a turnbuckle, its weight for a 214 in. screw, is 19 Ib. (Table 
94). The clearance between the ends of the screws is 3 in. for all sleeve nuts (Diagram at the top 
of Table 92). 

The total length and weight of 134 in. square bar when a sleeve nut is used is therefore: 
c. toc. of pins, less 3 in., = 29’ 9” of 134 in. square bar, @ 10.41 Ib. per ft. (Table 6) = 309.8 Ib. 


Material for 2 loops = 4/0” of 134 in. square bar, @ 10.41 lb. per ft. (Table 6) = 41.6 lb. 
Material for 2 upsets = 0'9” of 134 in. square bar, @ 10.41 lb. per ft. (Table 6) = 7.8 lb. 
One sleeve nut @19 Ib. (Table 94) = 19.0 lb. 

Total Length = 34' 6” Total Weight = 3278.2,1b; 


Bar with Clevises.—Select a bar to carry a tensile stress of 48,000 Ib., the ends to be held 
by clevises, the distance center of pins being 12’ 0”. : ; 
References.—Same as for loop bar, also § 41, p. 58; § 39, and § 41, p. 141; § 17, § 18, and § 19, 
p- 209. 
Solution.—Using an allowable unit stress of f; = 16,000 Ib. per sq. in., the area required is, 
os os OOO te egienciin 
7 fi: 16,000 SOO ieee 
A bar 134 in. square has an area of 3.06 sq. in. (Table 6), and a 2 in. round bar has an area of 3.14 
sq. in. (Table 6), Either bar could be used. Using the 134 in. square bar a No. 6 clevis is 
required (Table 93). 
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The size of pin required by shear and moment can be obtained from the lower part of Table 
93, and is a 2 in. pin if the forks are closed, or a 3 in. pin if the forks are used straight. The 
thickness of connection plate required by bearing when a 2 in. pin is used, is 48,000 + (2.00 X 24,- 
000) = 1.00 in., if a 3 in. pin is used the plate must be 48,000 + (3.00 X 24,000) = 0.66 in. 

The weight of the bar and two clevises is estimated as follows: 

The length of the rod, allowing for clearance, etc., must be reduced by A — 4% in. = 8 — 4% 
= 714 in. (Table 93) at each end, or a total of 2 X 7144 = 1’ 3”. The diameter of upset for a 
134 in. square bar is 214 in., which requires 414 in: material to make each upset (Table 89), or 9 
in. for both upsets. 

The total length and weight of 134 in. square bar is: 


c. toc. of pins, less 1’ 3”, = 10’ 9’ of 134 in. square bar, @ 10.41 Ib. per ft. (Table 6) = 111.9 Ib. 


. Material for 2 upsets = 0’ 9” of 134 in. square bar, @ 10.41 lb. per ft. (Table 6) = 7.8 lb. 
Two No. 6 clevises @26 Ib. (Table 93) = 52.0 lb. 
Total Length = 11’ 6” Total Weight = 171.7 lb. 


Eye-Bar.—Select an eye-bar to carry a tensile stress of 190,000 lb., with an 8 in. pin at one 
end and a 614 in. pin at the other end, the length center to center of pins being 25’ 0”. 

References.—§ 33, p. 57; § 106, p. 62; § 162, p. 66; § 37, p. 141; § 92, p. 144; § 141, p. 145; 
§ 171, p. 147; § 14, p. 206; § 36, p. 206; ‘‘Minimum Bar,’’ p. 207; § 83, p. 207; § 15, p. 209; 
§ 36, p. 210; § 83, p. 213; § 136, p. 216; § 162, p. 218. = 

Solution.—Using an allowable unit stress of f; = 16,000 lb. per sq. in., the area required is, 


PB __ 190,000 _ ; 4 ~ 


A bar 8 in. X 114 in. has an area of 12.00 sq. in. (Table 1). From Table 91, the maximum thick- 
ness allowed for an 8 in. bar on a 614 in. pin is 2 in., and the minimum is I in. (The value 64% 
in. does not appear in the table but it is less than 7 in., which is the maximum pin which can be 
used if the die referred to is used.) For an 8 in. pin the maximum thickness is 2 in. and the 
minimum 1% in. The bar selected satisfies these requirements as to thickness. 

The extra length of bar required to form a head for a 614 in. pin (die for 7 in. pin) is 2’ 8’’ for 
ordering the bar, and 2’ 3” for estimating the weight, and for an 8 in. pin 3’ 0” and 2’ 6”, respec- 
tively (Table 91). 

The total length and weight of eve bart is therefore: 


c. to c. of pins = 25/0” of 8in. X 114 in. bar. @ 40.8 lb. per ft. (Table 2) = 1020.0 Ib. 
Eye for 614 in. pin = 2'3” of 8in. X 14 in. bar, @ 40.8 lb. per ft. = 91.8 lb. 
Eye for 8 in. pin = ee of 8 in. X 114 in. bar, @ 40.8 lb. per ft. = 102.0 lb. 

Total Length Sanyo” Total Gross Weight = 1213.8 lb. 


The weight which must be deducted for pin holes (Table 6) is, 


Pin hole for 614 in. pin is 1.5 + 12 X 112.8 = 14.1 lb. 
Pin hole for 8 in. pinis 1.5 +12 X 171.0 = 21.4 lb. 
Total weight to be deducted = 35.5 lb. 


The net weight of the eye-bar is then 1213.8 — 35.5 = 1178.3 lb. 

For the design of an eye-bar subject to flexure due to its own weight, see “‘Combined Flexure 
and Direct Stress’’ in this chapter. 

Angle in Tension.—Select an angle to carry a tensile stress of 40,000 lb., using 4 in in. rivets. 

References.—§ 33, p. 57; § 39, P- 57; § 40, p- 58; $79, p- 60; § 83, p. 60; § 84, p. 60; § 85, 
p. 60; § 89, p. 61; § 104, p. 61; § 22, p. 105; § 37, p. 141; § 43, p. 141; § 60, p. 142; § 79, p. 144; 
§ 80, p. 144; § 14, p. 206; § 26, p. 206; § 45, p. 206; ‘‘Fastening Angles,”’ p. 207; § 15, p. 209; 
§ 26, p. 210; § 38, p. 210; §57, p. 210; §.74, p. 212; p. 219; p. 223; § 232, p. 363; § 8, p. 379. 
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Solution.—If fastened by both legs as in Fig. 2 the load may be considered as axial and the 
required net area, using an allowable unit stress of f; = 16,000 lb. per sq. in., is 


P _ 40,000 


tS fi 16,000 


= 2.50 sq. in. 

Try one angle 4” X 4” X 3%". Gross area = 2.86 sq. in. (Table 23 or Table 25). Net 
area, deducting one 7% in. hole for a 34 in. rivet = 2.86 — .33 = 2.53 sq. in. (Table 116). This 
angle will satisfy the conditions. This result can be obtained directly from Table 29. 

If the angle is fastened by one leg as in Fig. 3, the load will be eccentric and the problem 
more difficult. An approximate solution is to consider only the area of the attached leg as effect- 
ive. The solution would then be, as before 


P _ 40,000 


== = 2.50 sq. in. 
fi 16,000 no 


Fic. 2. ANGLE CoNNECTED By BotH LEGs. Fic. 3. ANGLE CONNECTED BY ONE LEG. 


Try one angle 6” X 4" X 16 with 6 in. leg attached. Gross area of 6 in. leg = 6 X 44 
= 3.00 sq. in., net area = 3.00 — .44 = 2.56 sq. in., which will satisfy the conditions. 

Built-up Tension Member.—Design a built-up member to carry a tensile stress of 390,000 
Ib., using 1% in. rivets. 

References. —§ 33, P- 573 § 83, p- 60; § 84, p- 60; § 89, p. 61; § 90, p. 61; § io1, ‘p. 61; § 37, 
p. 141; § 44, p. 141; § 61, p. 142; §75, p. 143; § 14 and § 26, p. 206; § 28, se 210; § 38, p. 210; 
§ 52, p. 211; § 82, p. 213; p. 219; § 11, p. 382. 

Solution.—Using an allowable unit stress of f; = 16,000 lb. per sq. in., the net area required is, 


A=> =~ = 24.4 sq. in. 


Try 4 angles 344” X 314” X 14” and 2 plates 18 in. X 14 in., as shown in Fig. 4. Gross area 
= 18.00 + 13.00 = 31.00 sq. in. Referring to Fig. 4, it will be seen that the section m-m is the 
least section in the body of the member and that four rivet holes should be deducted from each 
side to obtain the net section, giving a net area of 31.00 — 4.00 — 2.00 = 25.00 sq. in., 4.00 sq. 
in. being the area of holes in the plates and 2.00 sq. in. being the area of holes in the angles, de- 
ducting 1 in. holes for 1% in. rivets. This section has sufficient area, 24.4 sq. in. being required. 

If the ends of the members are to be riveted they should be designed as outlined under 
“Riveted Connections and Joints’’ in this chapter. 

If the ends are to be pin-connected they may be designed as follows. Assume that 544 in. 
pins are to be used at each end. The bearing area required allowing a unit stress of 24,000 Ib. 
per sq. in., is 390,000 + 24,000 = 16.2 sq. in. This requires a total thickness of plates of 16.2 + 
5.5 = 2.95 in., or 1.48 in. on each side. The web plates are 14 in., the fill plates must be at least 
1% in., the thickness of the angles being 14 in., and using 14 in. outside plates the total thickness of 
plates is 1.50 in., which satisfies the conditions, 1.48 in. being required. 
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The net area through the pin hole (section m+m) must be 25 per cent in excess of the net 
area of the body of the member according to a common specification. It will probably be neces- 
sary to deduct the area of the pin hole and two rivet holes on each side, the rivet holes being so 
near the section m—m, see Fig. 4. The gross area through the pin hole is, web plates2 X18 xX % 
= 18.00 sq. in., angles 4 X 3.25 = 13.00 sq. in., fill plate 2 X 11 X 14 = 11.00 sq. in., outside 
plate 2 X 17 X % = 17.00 sq. in. making a total gross area of 59.00 sq. in. The net area is 
59:00 — 2 X 5.5 X 1.5 — 4 XI X 14% = 36.5 sq. in.. The required net area through the pin 
hole is 1.25 X 25.00 = 31.3 sq. in. 


| | 


Sectionmm 3 2" 24 


OO500I000 


0000'0 


l Section n-n 


Fic. 4. RiveETED TENSION MEMBER. 


The net area back of the pin hole parallel with the axis of the member (section 0-0) must not 
be less than the net area in the body of the member (section n-1) = 25.0 sq. in. The total 
thickness of the metal at this section is 1.50 in. for each side. Therefore the net length back of the 
pin must be 25.00 + 2 X 1.50 = 8.33 in. Assuming that not over three rivets will come in this 
section, the total length back of the pin hole must be at least 8.33 + 3.00 = 11.33 in. 

The number of rivets required and the size of pin plates is considered under ‘“ Riveted Connec- 
tions and Joints.”’ 

Unriveted Pipe.—Design an unriveted iron pipe 12 in. in diameter to carry an internal 
pressure of 400 lb. per sq. in. 

From Structural Mechanics, Chap. XVI (Formula 12a), f = w:D + 2t; and t =w-D + 2f, 
where ¢ is the thickness of metal, w = unit internal pressure, D = diameter and f the allowable 
tensile stress which will be taken as 12,000 lb. per sq. in. - ¢ 
pa WP _ 400 X12 

af 2 X 12,000 

MEMBERS IN COMPRESSION.—The design of compression members will be shown by 
several examples. 

Single Angle Strut.—Select an angle to carry a compressive stress of 21,500 Ib. The length 
center to center of connections is 6’ 0’’, and both legs are to be fastened at the ends, Fig. 2. 

References.—Specifications § 34, p. 57; § 39, Pp. 57; § 84, p. 60; § 85, p. 60; §93, pu Oks 
§ 38, p. 141; § 43, p. 141; § 60, p. 142; § 100, p. 61; § 45, p. 206; p. 207; § 16, p. 209; § 20, p. 209; 
Pp. 223; § 231, p. 363; § 10, p. 379. 

Solution.—Using f. = 16,000 — 70 ]/r lb. per sq. in., as the allowable unit stress and 125 as 
the maximum value for the ratio J/r, the minimum value for r is as follows: 


Liges6EX 12 


= 0.20 in. 


U/fr = 125, or r =e = 0.58 in. 
125 125 
Any 3” X 3” angle will satisfy the requirement for J/r (Table 23). The allowable unit stress 
will then be 16,000 — 70 x me = 7,300 Ib. per sq. in. The area required will be 
P _ 21,500 : 
= >=- = 2.95 sq. in. 
fe 7,300 ian 


The area of one angle 3” X 3” X 9/16” is 3.06 sq. in., which is sufficient. 
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Many other angles might be chosen but in no case could an angle smaller than 3” X 3’ be 
used, for the requirement for J/r would not be satisfied. Larger angles will give lighter sections 
and be more rigid. Any angle 314” X 314” has a radius of gyration, 7, of about 0.69 (Table 23), 
giving an J/r of about 104, and an allowable unit stress of about 8,700 Ib. per sq. in. and requiring 
an area of 2.47 sq. in., which would be provided by one angle 344” XK 314” X 3%”. The minimum 
angle satisfying the 7/r requirement is found as a guide in the selection of sections but is rarely.a 
satisfactory section, except for long members with low stresses such as lateral bracing. Table 41, 
Part II, gives the safe loads for single angle struts fastened by both legs. 

See also § 26, p. 203; § 45, p. 203; ‘‘Fastening Angles,” p. 207; § 20, p. 209. 

- If the angle is fastened by one leg only as in Fig. 3, the load is eccentric and the problem is 
more difficult. An approximate solution is to consider only the area of the attached leg as effect- 
ive. As before the least radius of gyration must be not less than 0.58 in., which corresponds to an 
allowable unit stress of 7,300 lb. per sq. in., requiring the area of the attached leg to be at least 2.95 
sq. in. The requirement for radius of gyration would be satisfied by any 314” X 3” angle, but 
to provide 2.95 sq. in. of area if attached by the 31% in. leg the thickness would have to be 2.95 
+ 3.50 = 0.85 in. requiring a 314” X 3” X 1%” angle, which is a very poor section and would 
be much heavier than a section with longer legs to satisfy the same conditions, and much less 
rigid. The least radius of gyrations of any 5” X 314” angle is about 0.76 in. oe 24), and the 
allowable unit stress will be 


fc = 16,000 — 70 1/r = 16,000 — 70 X ee = 9,370 lb. per sq. in., 


requiring an area of the attached leg of 


P _ 21,500 
—Y— = 2.30 sq. in. 


A= 
Jo" 91879 


which would be provided by a5” X 314” angle of thickness equal to oS = .46 in. An angle 


5” X 344” X 1%" could be used with the 5 in. leg attached. ° 
Double Angle Strut.—The member a-—b Fig. 5 is to consist of two angles back to back sepa- 
rated by 3% in. connection plates at the ends and washers 34 in. thick in the body of the member. 
Design for a compressive stress of 50,000 lb. : 
References.—§ 34, p. 57; § 84, p. 60; §93, p. 61; § 100, p. 61; § 38, p. 141; § 60, p. 142; § 45, 
p. 206; § 16, p. 209; § 20, p. 209; § 231, p. 363; § 10, p. 379. 
Solution.—Using f- = 16,000 — 701/r lb. per sq. in. as the allowable unit stress, and 125 as 
the maximum value for the ratio //r, the minimum value for r.is found as follows 


1 8 X 12 
Ur = 125, or 7 Gives! aes. = 0.77 in. 

The lengths about axes X-X and Y—Y are equal, so that for a well designed member the radii 
of gyration about the two axes should be as nearly equal as practicable. This condition is satis- 
fied by using angles with unequal legs, short legs turned out. 

A member composed of two 2144’ X 2” angles, 34 in. back to back, with short legs turned 
out will have a least radius of gyration of about 0.78 in. (Table 40), the value for axis X—X being 
about 0.78 in. and Y-Y about 0.95 in. The allowable unit stress is then f, = 16,000 — 7ol/r 


= 16,000 — 70 X <~ = 7,390 lb. per sq. in., requiring an area of 
— 50,000 ' 
—— = 6.76 sq. in. 
tes 7:390 eee 


This area cannot be supplied by two 214” X 2” angles, but even though it could, larger 
angles would be more economical as well as more rigid. The minimum angle satisfying the //r 
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requirement is found so as to guide in the selection of angles but is rarely a satisfactory section, 
except for a long member with low stresses, such as lateral bracing. 
Try two angles 4” X 3” with the short legs turned out, 34 in. back to back. From Table 
40 it is seen that for any thickness the least radius of gyration will be about the axis X-X, and 
8 X 12 
1.26 
Ib. per sq. in., which requires an area of 50,000 + 10,670 = 4.68 sq. in. The area of 2 angles 
4” X 3” X 3%" = 4.96 sq. in., which will satisfy the conditions. If the estimated radius of gyra- 
tion does not agree closely enough with the actual radius of gyration, another calculation should 
be made, but this is not often necessary. 
The spacing of the washers should be such that the J/r of one angle between the washers is not 
8 X 12 
1.26 
0.64 being the least radius of gyration of one angle 4” X 3’” X 34” (Table 24). One washer in 
the center will be sufficient. 


will be about 1.26 in., giving an allowable unit stress of f, = 16,000 — 70 X = 10,670 


greater than the //r for the whole member, or J/r = 


= 76.2, 1 = 76.2 X .64 = 48.7 in., 


Fic. 5. DousLle ANGLE STRUT. 


If lengths about the two axes are different, as is often the case in roof trusses and portals, the 
greatest value for J/r should be used, the corresponding length and radius of gyration being taken; 
for example in designing the member b-d, Fig. 5, as a strut the length corresponding to the axis 
Y-Y is 12’ 0”, and to the axis X—X is 6’ 0’. To make an efficient member the long legs should 
be turned out and 7, should be equal to 2 X rz. 

The minimum allowable values of rz and 7, are found as follows, 


Tem OO@12 ; 
= —— = 0.58 in.; 
125 125 


Ilr = 125, fo = 


From Table 39 it is seen that any 214” X 2” angle with long legs turned out and 3% in. back 
to back is the smallest angle which will satisfy the requirements for //r,7, = 0.58 in. andr, = 1.26 
in. (approx.). The values for //r are 124 and 114, respectively, 124 being the greater. The 
allowable unit stress is then 


fc = 16,000 — 70 X 124 = 7,320 lb. per sq. in. 


If the stress in b-c is the same as that in c-d, 19,000 lb. compression, the required area is, 


which will be taken by 2 angles 214” X 2”” X 5/16”, having rz = 0.58 in., and ry = 1.26 in. 
(Table 39). If the stresses in b-c and c-d are not equal proceed as above and design for the 
maximum. ‘The spacing of the washers should not be greater than, / = 124 X 0.42 = 52.1 in., 
0.42 in. being the least radius of gyration of one angle 214” X 2’’ X 5/16”, 

38 
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If the controlling stress were 38,000 Ib. compression, the required area for 214’ & 2”’ angles 


would be 


P _ 38,000 : 
= fe = 7,320 = 5.20 sq. in. 


which could not be supplied by two 214” X 2” angles, so that two 314” X 3’ angles will be used 


for which, 7, = 0.90 and ry = 1.66 for 3 in. back to back, the values of 1/r are 3 = 80 and 


12 X 12 
1.66 
Ib. per sq. in., requiring an area of A = 30,000 + 9,930 = 3.83 sq. in., which will be furnished 
by two angles 344” X 3” X 5/16”. The spacing of the washers should not be greater than, 
1 = 86.8 X 0.63 = 54.6 in., 0.63 in. being the least radius of gyration of one angle 3144” X 3” 
X 5/16’. These results may be obtained by the use of Tables 43, 44 and 45, from which it is seen 
that the allowable stress in a member composed of two angles 314’ 3’ X 5/16” about axis 
1-1 (Y—Y), the length being 12’ 0’’, is 38,000 lb., and about axis 2-2 (X—X), the length being 6’ 0”, 

is 40,000 lb., and the allowable load will be 38,000 Ib. 

Two Angles Starred.—Design a member consisting of two angles starred, as in Fig. 6, to 
carry a compressive stress of 30,000 Ib., the length to be 15’ 0” center to center of connections. 

References.—§ 34, p. 57; § 84, p. 60; § 100, p. 61. 

Solution.—Using 125 as the maximum value of //r, and f. = 16,000 — 70 //r lb. per sq. in. 
as the allowable unit stress, the minimum allowable value of r is found to be 


= 86.8, respectively, and the allowable unit stress is, f; = 16,000 — 70 X 86.8 = 9,930 


Section m-m. 


to" 
ee ne SOS St 5 


Aes Oke 


Fic. 6. Two ANGLES STARRED. 


From Table 67 it is seen that 4’” X 4’’ angles are the smallest equal leg angles that can be 
used, and that 7 will be about 1.56 in., and the allowable unit stress is 


fe = 16,000 — 70 X ae = 7,920 lb. per sq. in., 
which requires an area of ; 
: P _ 30,000 : 
A= ee Coil 3-79 sq. in. 


The area of two angles 4” X 4” X 14’’ is 3.88 sq. in., and r = 1.57 in., which will satisfy the condi- 
tions. The batten plates must have a spacing of not more than 


= 15 X 12 = 1 = 6’ 2/'- 
bey Oat o tm ae 
the value of 0.79 in. being the least radius of gyration for one angle 4” < 4” X 14" (Table 23). 
Convenience in detailing may make it advisable to make / much less than 6’ 3. A spacing of 
3/ 9” was used as shown in Fig. 6. 
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Plate and Angle Column.—Design a plate and angle column, Fig. 7, to carry an axial load of 
340,000 Ib., the unsupported length being 16’ 0”. 

References.— 34, p. 57; § 38, p. 57; § 79, p. 60; § 94, p. 61; § 96, p. 61; § 100, p. 61; § 114, 
p- 62; §9, p. 104; § 12, p. 104; § 17, p. 104. 

Solution.—A section with a 12 in. web plate and two 14 in, flange plates will be assumed. The 
angles will be spaced 124 in. back to back to allow for an over-run in the web plate without inter- 
‘fering with the cover plates. 

The radius of gyration about the axis A—A, Fig. 7, is approximately 0.45 X 12.5 = 5.62 in. 
(Table 136), and about the axis B-B is 0.23 X 14 = 3.22” (Table 136). The axis B-B will 
control the design. The allowable unit stress is 


cs 6 
fc = 16,000 — 70]//r lb. per sq. in. = 16,000 — 70 X : = = 11,800 Ib. per sq. in. 
which requires an area of 
. 2 2E7 17340,000 : 
A= CP Sra 28.8 sq. in. 


Try a section consisting of four angles 6” < 4” X 34’ with long legs turned out, and 12% 
in. back to back, one web plate 12 in. X 3 in. and two flange plates I4 in. X 34in. The prop- 
erties of various sections are given in Table 70. The properties of sections are calculated as 
shown at the bottom of the table. The radius of gyration about the axis A—A is found to be 
t4 = 358 in., about the axis B—B is rg = 3.14 in., and the area 29.44 sq. in. 


iB 
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For this section the ratio l/r = 16 X 12/3.14 = 61.2 which satisfies the specification that 
the maximum value of l/r is 125. The allowable unit stress is, 


fc = 16,000 — 70 X 61.2 = 11,700 lb. per sq. in., 


and the required area is, 
A= - = aor = 29.1 sq. in. 
The area provided by the above section is 29.44 sq. in. 

Expansion Rollers.—Design the rollers for the expansion end of a single track railway bridge 
of 175 ft. span, the dead load stress being 110,000 lb., the live load stress being 282,000 lb., and 
the impact 178,000 lb. Total stress = 570,000 lb. 

References.—§ 19, p. 209; § 60, p. 212; § 62, p. 206; § 62, p. 212. 

Solution.—The span being short a 6 in. roller will be used. The allowable stress per linear 
inch of rollers is 600 X d, when impact is considered, giving 600 X 6 = 3,600 lb. for 6 in. rollers. 

The number of linear inches required is, 570,000/3,600 = 158 in. 

Five rollers 32 in. long provide 5 X 32 = 160 linear inches and occupy a space about 32 inches 
square. ; 

For highway bridge expansion rollers, see § 41, p. 141; § 82, § 83, § 84, p 144. 

For roof truss expansion rollers, see § 7, p. 55; § 33, p- 57; § 117, p- 62; $15, p. 104. 

MEMBERS IN FLEXURE.—The designof structural members stressed in flexure will be shown 
by several examples. 

I-Beam.—Select an I-Beam to carry a uniform load of 1000 lb. per linear foot, the span being 
16’ 0” and the ends simply supported. 
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References.—§ 33, p- 57; § 42, p- 58; § 45, p- 58; § 14, p. 104; § 39, p. 141; § 50, p. 142; § 55, 
p. 142; § 17, p. 209; § 29, § 30, p. 210. Properties of Carnegie I-Beams are given in Tables 7 to 
13 inclusive. Properties of Bethlehem Girder and I-Beams are given in Tables 151 to 160, 
inclusive. 

Solution.—The bending moment is 

M = Kw-P = \% X 1000 X 16 = 32,000 ft.-lb. = 32,000 X 12 in.-lb. = 384,000 in.-Ib. 
From applied mechanics, 


The section modulus required is then, 


I _M _ 384,000 _ neds 
S= eo ae 24.0 in. 


The section modulus of a 9 in. J @ 35 Ib. is 24.8 in.3, and of a 10 in. I @ 25, Ib. is 24.4 in.’ (Taple 
7), either of which will carry the load, but the ro in. J @ 25 lb. being lighter is the more economical, 
and being the minimum section is more easily obtained. 

The allowable bending moments in ft.-lb. for I-Beams, using a fiber stress of 16,000 lb. per i 
sq. in., are given in Table 7. The I-Beam could have been selected directly from the moment 
making use of these values. The allowable bending moments for other unit stresses are propor- 
tional. 

The safe uniform load, in tons, for I-Beams are given in Table 12, using a fiber stress of 
16,000 Ib. per sq. in. The I-Beam could have been selected directly from the load by using 
this table. Safe loads for other unit stresses are proportional. 

If the I-Beam is not supported to prevent lateral deflection the allowable fiber stress must be 
reduced by the compression formula as shown in Table 12a. : 

Design an I-Beam 14’ 0’ long to carry a concentrated load of P = 20,000 lb. at the center 
of the beam. The maximum moment is at the center, and is, M = 4P-1 = 4 X 20,000 X 14 
= 70,000 ft.-lb. = 840,000 in.-lb. 

The required section modulus is, S = M/f = 840,000 + 16,000 = 52.5. In Table 7, the 
lightest beam that will carry the load is a 15 in. J @ 42 lb., which has a value of S = 58.9 in.*, 
and a bending moment of 79,000 ft.-Ib. A 12 in. I @ 55 lb. will also carry the load, but i is not an 
economical section. A concentrated load, P, at the center will give the same maximum stresses 
as a uniformly distributed load of 2P. From Table 12, a 15 in. J @ 42 lb. will carry a uniformly 
distributed load of 22 tons, which is sufficient. 

Two I-Beams with Separators.—Design a girder consisting of two I-Beams fastened together 
by means of separators, the girder having a span of 16’ 0’ and carrying a uniform load of 2,000 
Ib. per linear ft. 

References.—§ 33, P- 57; § 19, p- 105; § 39, p- 141; § 17, p. 209; § 30, p. 210. 

Solution.—The bending moment is 


M = i1w.P =} X 2000 X 16? = 64,000 ft.-lb. = 798,000 in.-Ib. 
From mechanics, 
Wwe f-S. 


sc 
The section modulus required is, 
_ I _ M _ 798,000 
¢ ff. 16,000 


= 48.0 in’ 


Each I-Beam must have a section modulus of } X 48.0 = 24.0 in.3 The section modulus 
of one 9 in. I @ 36 Ib., is 24.8 in.t and of one 10 in. J @ 25 lb., is 24.4 in.*, either of which will 
carry one-half the load, but the 10 in. I @ 25 lb. being lighter is the more economical, and being 
the minimum section is more easily obtained. 

The allowable bending moments, in ft.-Ib. for I-Beams, using a fiber stress of 16,000 Ib. per 
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sq. in. are given in Table 7. The I-Beams could have been selected directly from the moment 
making use of these values. 

The safe uniform load, in tons, for I-Beams is given in Table 12, using a fiber stress of 16,000 
Ib. per sq. in. The I-Beams could have been selected directly from the load using this table. 

If the girder is not supported to prevent lateral deflection the allowable fiber stress must be 
reduced by the compression formula as shown in Table 12a. 

The separators for Carnegie I-Beams are given in Fig. 4, page 83, Chap. I. The separators 
for Bethlehem beams are given in Table 158. 

Plate Girders.—The full discussion of the design of plate girders would require more space 
than is available. The following notes will be of value. 

References.—The following references should be consulted. 

Wetghts.—P. 115; p. 150; p. 151; p. 152; p. 153; p. 155; p. 156; p. 158. 

Bending Moments and Shears.—Pages 159, 163, 164, 165, 166, 167, 173, 174. 

Unit Stresses.—§ 33, § 35, § 36, p. 57; § 42, § 43, p. 58; § 36, § 37, §39, § 40, § 41, § 44, D 
141; § 50, § 51, § 52, § 53, § 54, p. 142; § 14, $29, P. 206; § 14, § 15, § 17, § 18, § 19, p. 209; § 29, 
§ 30, p. 2I0. 

Proportion of Parts.—§ 3, p. 55; § 43, p: 58; § 3, p. 137; p. 202; p. 203; § 26, § 29, § 30, § 77, 
Pp. 206; § 79, p. 207; § 26, § 27, § 29, § 31, § 32, § 38, p. 210; § 57, p. 211; § 77, § 78, § 79, p. 212; 
§ 80, p. 213; pages 220, 221, 222. 

Detatls.—Pages 54, 123, 124, 189, 190. 

The gross and net areas of angles are given in Table 29; Area of Plates, Table 1; Areas to be 
Deducted for Rivet Holes, Table 116; Moments of Inertia of Angles, Tables 32, 33 and 343 
Moments of Inertia of Web Plates, Table 3; Moments of Inertia of Cover Plates, Table 5; Prop- 
erties of Plate Girders, Table 87; Centers of Gravity of Plate Girder Flanges, Table 88. 

Nomenclature.—The following nomenclature will be used. 

M = resisting moment of section. 

V = vertical shear at section. 


f =allowable unit fiber stress. 
I =moment of inertia of gross section. 
I’ = moment of inertia of net section. 


I» = moment of inertia of gross section of web plate. 

Iw! = moment of inertia of net section of web plate. 

AF = gross area of one flange. 

Ar = net area of tension flange. 

= gross area of web. 

h = distance between centers of gravity of flanges. 

= distance between gage lines of rivets in tension and compression flanges. 


is 
8 
| 


d = distance back to back of angles in flanges. 

¢ = distance from neutral axis to extreme fiber. 

p = pitch of rivets in flanges. 

r = allowable resistance of one rivet. - 

w =concentrated load per unit length of rail = P/] where P = concentrated load and 


1 = distance over which the load, P, is considered as distributed (see § 5, p- 202). 
2n. = number of rivets on one side of web splice. 
Resisting Moment.—There are four methods now in use for determining the resisting moment 
ot a plate girder section. 
(1) Assuming that all the bending moment is carried by the flanges (see § 20, p- 206), 


M = Ap’ -f-h (x) 
(2) Assuming that one-eighth the gross area of the web is available as flange area (see § 42, 


p. 58; § 50, p. 142; § 29, p. 206), d 
= (Ap + 3A,)-f-h {1’) 
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(3) By moment of inertia of net section (see § 42, p. 58; § 50, p. 142; § 29, p. 206), 


peijalls Ges) 


(4) By moment of inertia of gross section (used by American Bridge Co. for plate girders 


for buildings), 
M= ft (/”) 


Rivets in Flanges Which do not Carry Concentrated Loads. 
(1) Assuming that all bending moment is carried by flanges, 


So ere es = 
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h=distance between ret lin 


pele (2) 


(2) Assuming that one-eighth the gross area of web is available as flange area, 


_ Ar + iy Sor! 

p Ay = TF (3) 

(3) By moment of inertia of net section, if 
eed (4) 
P-VArh * 4 

(4) By moment of inertia of gross section, 
ar-T 

pd = V-Ar-h (5) 


Rivets in Flanges Carrying Concentrated Loads. 
(1) Assuming that all the bending moment is carried by the flanges, 


r 
#+(77) 
(2) Assuming that one-eighth the gross area of the web is available as flange area, 


ts 
BS = rj ae (7) 
Ato asreagae a) 


(3) By moment of inertia of net section, 


ay he (ear @ 
ar’ 
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(4) By moment of inertia of gross section, 
r 


j= Je (E22 (9) 


Rivets Connecting Cover Plates to Flange Angles. 
= (1) and (2). Assuming that all the bending moment is carried by the flanges, or that one- 
eighth the gross area of the web is available as flange area, 


p= ar (10) 


where » = number of rivets on one transverse line. 
y = value of one rivet in single shear or bearing. 
d = distance back to back of angles. 
A? = total net area of cover plates in one flange. 
(3) By moment of inertia of net section, 
= 2m: -I’-r 
P= VAS he 


where A.’ = total net area of cover plates in one flange. 
h. = distance between centroids of all cover plates in tension flange and all cover plates 
in compression flange. 

(4) By moment of inertia of gross section, 

2n-I-r 
Te pas ve) 
where A. = total gross area of cover plates in one flange. 
h, = distance between centroids of all cover plates in tension flange and all cover plates 
in compression flange. 

Web Splice.—An ordinary web splice is shown in Fig. 8. Where splice plates are designed 
to carry part of the moment as well as the shear the splice shown in Fig. 9 is sometimes used. 
Plates AB and A’B’ are assumed to transfer that part of the moment carried by the web, and 
plate CD to transfer the shear. Two lines of rivets should be used in each section of the web 
spliced. The number and spacing of rivets in a web splice can be determined only by trial, 
except when the first method for proportioning the section is used. The rivet most remote from 
the neutral axis is the most severely stressed. 

(1) Assuming that all the bending moment is ie by the flanges, 


(11) 


v _v 
1 =F, and 2n = © (13) 


(2) Assuming that one-eighth the area of web is available as flange area. The stress in the 
outermost rivet is given by the formula, where M’ is moment carried by web, 


t= Was) + (Zaz) (4) 


(3) By moment of inertia of net section. The stress in the outermost rivet is given by the 


formula; 
aK M-d, = 
is -\(=) + ¢ T° 2a ) : (15) 


(4) By moment of inertia of gross section. The stress in the outermost rivet is given by the 


formula 
V2 In | M=d,, \? 
or I(Z) ples azen) ii) 


For the details of a web splice, see Fig. 16. 
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Flange Splice.—Flanges should never be spliced unless it is impossible to get material of 
the required length. Flange splices should always be located at points where there is an excess 
of flange section, no two parts of the flange should be spliced within two feet of each other. Rivets 
in splice plates and angles should be located as close together as possible in order that the transfer 
may take place in a short distance. No allowance should be made for abutting edges of spliced 
members of the compression flange. 

Flange angles should be spliced with a splice angle of equal section riveted to both legs of 
the angle spliced. Where this is impossible the largest possible splice angle should be used and the 
difference made up by a plate riveted to the vertical leg of the opposite angle. The number of 
rivets required in the splice angle on each side of the joint in the angle is given by the formula, 


natA (a7) 
r 
where f = the allowable unit stress in the flange, A = area of spliced angle, and 7 = the allow- 
able stress on one rivet. Rivets which are already considered as transferring the shear may be 
considered as splice rivets if they are included in the splice angle. 

Cover plates should be spliced with a splice plate of equal section. The number of rivets 
required in the splice plate on each side of the joint is determined by the above formula if the plates 
are in direct contact in the same way as for splice angles. Where one or more plates intervene 
between the splice plate and cover plate which it splices, rivets should be used on each side of the 
joint in excess of the number required in case of direct contact, to an extent of one-third that 
number for each intervening plate (see § 79, p. 144, and § 57, p. 211). 

The above methods for flange splicing apply only when methods (1) and (2) of proportioning 
sections are used, but may be used with sufficient accuracy when methods (3) and (4) are used. 
Strictly speaking for methods (3) and (4) splice angles and plates should have moments of inertia 
about the neutral axis, equal to the moments of inertia of the members they splice, about the 
neutral axis. An exact analysis for the number of rivets required in splices would give a less 
number than obtained from above formula. 

Staffeners.—For method of designing stiffeners see § 43, p. 58; §52, p. 142; § 79, p. 207; 
§ 79, p. 212; p. 221. : 

Pins and Pin Packing.—A pin under ordinary conditions is a short beam and must be designed 
(1) for bending, (2) for shear, and (3) for bearing. If a pin becomes bent the distribution of the 
loads and the calculation of the stresses are very uncertain. 

The cross-bending stress, f, is found by means of the fundamental formula for flexure, 
f = M-c/I, where the maximum bending moment, M, is found as explained later; I is the moment 
of inertia; and c is one-half the radius of a solid or hollow pin. 

The safe shearing stresses given in standard specifications are for a uniform distribution of 
the shear over the entire cross-section, and the actual unit shearing stress to be used in designing 
will be equal to the maximum shear divided by the area of the cross-section of the pin. : 

The bearing stress is found by dividing the stress in the member by the bearing area of the 
pin, found by multiplying the thickness of the bearing plates by the diameter of the pin. 

References.—§ 41, p. 58; § 90, p. 61; § 99, p. 61; § 107, p. 62; § 39, p. 141; § 40 and § 41, 
P- 141; §74, p. 143; § 75, p. 143; § 76, p. 143; §.92, p. 144; § 141, p. 145; § 142, p. 145; § 144, 
P. 146; $17, p. 209; § 18, p. 209; § 19, p. 209; § 28, p. 210; § 52, p. 211; § 54, p. 211; § 136, p- 
216; p. 219; p. 220; p. 402. 

Details of Pins.—Details of bridge pins are given in Table 95, Part II. 

Stresses in Pins.—The method of calculation will be illustrated by calculating the stresses in 
the pin at U; in (a) Fig. 10. In the complete investigation of the pin Uj, it would be necessary 
to calculate the stresses when the stress in U;U2 was a maximum, and when the stress in U;L2 
was amaximum. Only the case where the stress in U; Up is a maximum will be considered. How- 
ever, maximum stresses in pins sometimes occur when the stress in U,L2 is a maximum, and this 
case should be considered in practice. 
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Bending Moment.—The stresses in the members are shown in (¢) Fig. 10, which gives the 
force polygon for the forces. The make-up of the members is shown in (a), and the pin packing 
on one side is shown in (0). The stresses shown in (c) are applied one-half on each side of the 
member, the pin acting like a simple beam. The stresses are assumed as applied at the centers 
of the plates which make the members. 
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Calculation of Stresses in a Pin.—The amounts of the forces and the distances between their 
points of application as calculated from (b) are shown in (d) Fig. 10. The horizontal and vertical 
components of the forces are considered separately, the maximum horizontal bending moment 
and the maximum vertical bending moment are calculated for the same point, and the resultant 
moment is then found by means of the force triangle. 

In (d) the horizontal bending moments are calculated about the points 1, 2, 3, 4; the maximum 
horizontal moment is to the right of 3, and is 208,600 in.-Ilb. The vertical bending moments are 
calculated about points 5, 6, 7, 8; the maximum bending moment is to the right of 8, and is 
283,000 in.-lb. The maximum bending moment is at, and to the right of 4 and 8, and is, M = 
208,600? +- 283,000? = 351,600 in.-Ib. Substituting in the formula, f = M-c/I, the maximum 
bending stress is f = 16,600 lb. per sq. in. The allowable bending stress in pins for which this 
bridge was designed was 18,000 lb. per square inch. The allowable bending moments on pin 
are given in Table 98. 

Shear.—The shear is found for both the horizontal and vertical components as in a simple 
beam, and is equal to the summation of all the forces to the left of the section. The maximum 
horizontal shear is between 1 and 2, and is 165,400 lb. The shear between 2 and 3 is 165,400 
— 99,300 = 66,100 lb. The maximum vertical shear is between 6 and 7, and is 126,300 lb. The 


resultant shear between 2 and 3, and 6 and 7, is, V = V126,3002 + 66,100? = 145,000 lb., which 
is less than the horizontal shear between 1 and 2. The maximum shear, therefore, comes 
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between I and 2, and is 165,400 lb. The maximum shearing unit stress is 165,400 + 28.27= 
5,850 lb. per sq. in. The allowable shearing stress was 9,000 lb. per sq. in. 
Bearing.—The bearing stress in LoU; is 160,650 + (6 X 1.94) = 13,800 lb. Heatiee stress 
in U,U2 is 165,400 + (6 X 1.88) = 14,600 |b. Bearing stress in UL is 42,200 + (6 X,0.89) 
= 7,900 lb. Bearing stress in UjL2 is 107,000 + (6 X 17s) = 12,400 Ib. per sq. in. The 
allowable bearing stréss was 15,000 lb. per sq. in. "Allowable bearing stresses on pins are given 
in Table 97. 
For the calculation of the stresses in the pins of a 160 ft. steel highway bridge, see the author’s 
“The Design of Highway Bridges,’’ Chap. XXII, Part III. 
Pin Packing.—For details of pin packing see pages 219, 220 and page 402. Details of pins 
are given in Table 95, Part II. 
Corrugated Steel Roofing.—For'’ the calculation of the strength of corrugated steel and for 
a diagram for the safe loads for corrugated steel, see Fig. 18, Chap. I, page 22. 
Bearing Plates.—The bearing plates required for beams and columns, Fig. 11, may be deter- 
mined by the following formulas. * 
Let R = reaction of beam or load on column. 
A = area of bearing plate. 
w = allowable unit pressure in masonry. 
f = allowable fiber stress in plate. 
bP = projection of bearing plate beyond any edge of beam or column. 
Area of bearing plate, 
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oa : - (18) © 


Thickness of bearing plate required by a given projection, 


t=pyio=P Ned (19) _ 
Safe projection for a given thickness of ees 
Arh sigh tide 
Ps 3R ryt (20) 


The allowable pressures of bearing plates on masonry (value of w) are given in Table VIII, 
page 175. Standard bearing plates for I-beams are given in Table 8; for channels in Table 15. 
The length of I-beams which should bear on plates in order that the full shearing strength be 
developed is given in Table 11; and of channels in Table 16. 

For a full discussion of bearing plates, see Bulletin No. 35, University of Illinois Engineering 
Experiment Station, entitled “A Study of Base and abeeras Plates for Columns and Beams,” 
by Professor N. Clifford Ricker. 

COMBINED FLEXURE AND DIRECT STRESS.—The formulas for combined flexure and 
direct stress are given in section 26, Chapter XVI. The design of members stressed in com- 
bined flexure and direct stress will be shown by several examples. 

Eye-Bar.—An eye-bar in a structure carries a direct stress due to the dead and live loads, 
and in addition is stressed in flexure due to its own weight. 
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If P = direct stress in eye-bar; M; = bending moment due to weight in in.-lb.; c = distance 
from neutral axis to extreme fiber = h/2, where h = depth of eye-bar; / = length of bar, c. toc. 
of pins, ¢ = thickness of eye-bar in inches; J = moment of inertia of eye-bar = 7s t-h?; k isa 
coefficient depending upon the condition of the ends being approximately 10 for eye-bars with pin 
ends, 24 for one pin end and one fixed end, and 32 for two fixed ends; E = modulus of elasticity 


&® 
of steel = 28,000,000 Ib. per sq. in.; and f, =>~ = unit stress due to direct loads. Then 


t-h 
the stress due to combined flexure and direct stress will be 
'P M;- 
Ue Car ae anh es (21) 
ih Pee Por 
k-E 


Now, M, = jw-P, where w = 0.28 t-h = the weight of the bar per lineal inch; P = f2-t-h; 
¢ = h/2; I = yst-h’; k = 10; and E = 28,000,000 lb. per sq. in.; and substituting 


Me dw-2- 2h A 4,900,000h 
7,3) -b-h-/2 a 
b-he desl f2 + 23,000,000 (7) 


I2 ' 10 X 28,000,000 
then fi is the extreme fiber stress in the bar due to weight, and is tension in the lower fiber and 
compression in the upper fiber. 
If the bar is inclined, the stress obtained by formula (22) must be multiplied by the sine 
of the angle that the bar makes with a vertical line. 
Diagram for Stress in Bars Due to Weight—Taking the reciprocal of equation (22) 


(22) 


h 2 
23,000,000 { = 
Tit § Se : G ) a 
fi. 4,900,000h 2 4,900,000h > + a 
and 
I 
i= eae : (23) 


A diagram for solving equation (23) is given in Table 134, Part II, which see. The intersections 
of the inclined lines in Table 134 correspond to depths of eye-bar that give maximum stresses 
due to weight. 

End-Post.—Design the end-post, Fig. 12, for a 160 ft. span through highway bridge. Panel 
length, 20’ 0’’; depth of truss c. toc. of pins, 24’ 0”; length of end-post, 31’ 3’. The direct 
stresses are as follows: dead load stress = 30,000 lb.; live load stress = 60,000 lb.; impact = 
100/(160 + 300) X 60,000 = 13,000 lb.; total direct stress due to dead load, live load and 
impact = 103,000 Ib. The bridge is to be a class C bridge designed according to the ‘‘General 
Specifications for Highway Bridges,” in Chapter III. From § 38 of the specifications the allow- 
able unit stréss is f, = 16,000 — 70//r. The section will be made of two channels and one cover 
plate. Try a section made of two 10 in. channels @ 15 lb., and one 14 in. by 5/16 in. plate, (b), 
Fig.12. From Table 82, Part II, the radius of gyration about the horizontal axis A—A, isr4 = 3.99 
in., and about-the vertical axis B—B is, rp = 4.67 in., and the eccentricity is,e = 1.70 in. The 
79 X 375 
} 3-99 
be = 103,000 + 9,400 = 10.96 sq. in. The actual area is 13.30 sq. in. While the section ap- 
pears to be excessive, it will be investigated for stress due to weight, eccentric loading and wind 
before rejecting it. 

The area, radii of gyration and the eccentricity may be calculated as follows. 

To calculate the area 


allowable stress is then f, = 16,000 — = 9,400 lb. per sq. in. The required area will 


area of two 10 in. channels (Table 14) =. 8.92 sq. in. 
area of one 14 in. by 5/16 in. plate (Table 2) = 4.38 sq. in. 
Total area = 13.30 sq. in. 
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To locate the neutral axis A—A, take moments about the lower edge of the channels 
ss 8.92 X 5 + 4.38 X 10.156 

13.30 
The eccentricity is e = 6.70 — 5.00 = 1.70 in. The moment of inertia I4, about axis A—A 


= 6.70 in. 


may be calculated as follows: 
Let I, = I of channels about center of channels (Table 14). 


I, = I of plate about center of plate (Table 4). 
A, = area of channels (Table 14). 
A, = area of plate (Table 1). 
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Then Ig =I. +Ip+Ac X 1.70? + Ap X 3.456 
= 2 X 66.9 + 0.04 + 8.92 X 1.70? + 4.38 X 3.456 
= 133.8 + 0.04 + 25.76 + 52.20 
= 211.80 in.4 

Then rg = Nig tA = Vor1.80 + 13.3 = 3-99 in. 

The moment of inertia Zp, about axis B—B may be calculated as follows. 
Let J,’ = I of channels about neutral axis parallel to the web (Table 14). 

Ip = I of plate about vertical axis (Table 3). 

A, = area of channels (Table 14). 

From Table 82 the distance back to back of channels is 814 in. From Table 14 the distance 
from neutral axis to back of channel is 0.639 in. The distance from neutral axis of channels to 
axis B-B is 4.25 + 0.639 = 4.889 in. (4.89 in. will be used). 

Then Ip = I,’ + Ip! + Ac X 4.80 

= 4.60 + 71.46 + 9.82 X 4.89? 
= 4.60 + 71.46 + 213.28 
= 289.34 in.4 
Then rp = "Vig + A = Y289.34 + 13.3 = 4.67 in. 
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Stress Due to Weight of Member.—The total weight of the member will be 
Two 10 in. channels @ 15 lb., 31’ 6” long = 945 lb. 
One 14 in. X 5/16in. plate @ 14.88 !b., 30’ o” long = 447 lb. 
Details and lacing about 25 per cent 308 Ib. 
Total Weight, W = 1700 lb. 
The bending moment due to weight of member is Mu = 4W-1-sin 0. 
Stress due to weight 


M:c _ 4W-l-sin 0-% 
Gap _ PB _ PP (25) 
10H OE) 
The stress due to weight in the upper fiber will be 
f % X 1,700 X 375 X 0.645 X 3.6125 
a 103,000 X 375? 
10 X 30,000,000 
= 940 |b. per sq. in. 
The stress due to weight in the lower fiber is 
fiw = — 6.70 X 940 + 3.6125 
= — 1745 lb. per sq. in. 
Stress Due to Eccentric Loading.—The pins were placed 3 inch above the center of the channels, 
and the stress due to eccentric loading will be 


211.8 — 


M,: EP. o— Oo. 
es se <tr = (26) 
WS: on 


The eccentric stress in the upper fiber will be 
103,000 X 1.20 X 3.6125 
f= 103,000 X 3757 
211.8 — —S————— 
10 X 30,000,000 
= — 2,280 lb. per sq. in. 
The eccentric stress in the lower fiber is 
fe = + 6.70 X 2,280 + 3.6125 
= + 4,230 Ib. per sq. in. 

The resultant stress due to weight and eccentric loading is fi = fu + fe = +940 — 2,280 = 
— 1,340 lb. in the upper fiber, and — 1,745 + 4,230 = 2,485 lb. per sq. in. in the lower fiber. 

The allowable stress due to weight and eccentric loading is greater than 10 per cent of the 
allowable stress and must be considered, with the allowable unit stress increased by 10 per cent 
(§ 48, p. 142). 

The total unit stress in the member will be, f = 103,000 + 13.30 + 2,485 = 7,752 + 2,485 
= 10,237 Ib. per sq. in. The allowable unit stress when weight and eccentric loading are con- 
sidered is 9,400 X 1.10 = 10,340 lb. per sq. in., which is sufficient. 

Stress Due to Wind Moment.—The stresses in the portal and the direct wind stresses in the 
end-post when the end-post is assumed as pin-connected at the base are shown in (d) and (e) Fig. 
12. The end-posts may both be assumed as fixed if the windward end-post is fixed. To fix the 
windward end-post the bending moment must not be greater than the resisting moment which 
will be 


M. = H-yo = (90,000 — V — D’)a/2 
where V = 5,060 Ib. and D’ = 7,000 Ib. the direct stress due to wind, and a = distance center 
to center of metal in the sides of the end-post = 8.87 in., (f), Fig. 12. (The impact stress is 
omitted.) If yois taken equal to $d = 10’ 0” = 120 in., we will have 
2,000 X 120 = (90,000 — 5,060 — 7,000) 8.87/2 
which makes 240,000 < 345,600, and the end-post may be assumed as fixed at the base. 
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The stress due to bending moment due to wind loads in the leeward end-post will be, 


M:- 
f= op (27) 


240,000 x7 
(90,000 + 5,060 + 7,000)258? 
10 X 30,000,000 


= 6,730 lb. per sq. in. 


289.4 — 


The total stress due to direct wind load will be fw = (5060 + 7000)/13.30 = + 910 lb. per 
sq. in. The total maximum wind load stress will come on the windward fiber of the leeward © 
end-post, and will be f.’”” = + 6,370 + 910 = + 7,280 lb. per sq in. 

The maximum stress due to direct dead and live loads (not including impact) and wind load 
stresses will be 

f = 90,000 + 13.30 + 7,280 
= 6,770 + 7,280 = 14,050 lb. per sq. in. 


From § 46 in the specifications the allowable stress may be increased 50 per cent when direct 
and flexural wind stresses are considered. 
The allowable stress when both direct and flexural wind stress are considered is then 


fe = 9,400 X 1.50 = 14,000 lb, per sq. in. 


The stresses in the windward post will be less than in the leeward end-post calculated above. 

While the section assumed appeared to be excessive, the additional area and the width of 
plate are required to take the flexure due to wind loads. 

For. the method used by the C. M. & St. P. Ry. for the design of an end-post, see p. 222. 

Column of a Transverse Bent.—Design a column similar to that of the transverse bent shown 
in Fig. 3, Chapter XVI, but having column length of 25’ 6” and being hinged at the base. Direct 
stress = + 12,800 Ib., bending moment at foot of knee brace = 181,250 ft.Ib. Shear = 7 
= 13,500 lb. 

References.—§ 34 and § 38, p. 57; §79, § 80 and § 84, p. 60; § 94, $97, § 98 and § 100, p. 61. 

Solution.—A section composed of four angles and a plate will be used. The column will be 
supported laterally by the girts so the length in that direction will be taken as 4 X 25’ 6” = 12.75 
ft. 

Try 4angles 5” X 3146” X 4”, long legs out, 18)4 in. back to back and one web plate 18 in. 
x 34 in. Distance between rivet lines = 18144 —2 X2= 1444 in. Maximum allowable 
distance for 3% in. plate = 40 X 34 = 15 in. 

Using method at bottom of Table.69, A = 22.75 in?; I4 = 1,311 in.4; Ip = 94.6)0mes 
ra = 7-59 in.; rg = 2.04 in. The greatest value of 1 + r = 12.75 X 12 + 2.04 = 75.0. The 
maximum allowable value of / + 7 = 125. The allowable unit stress is: 


1:50(16,000 — 70J/r) = 1.50(16,000 — 70 X 75.0) = 16,100 Ib. per sq. in. 
The actual unit stress is: 


ee P fy M:c_ _ 12,800 181,250 X 12 X 9.25 
A (ie P-P 22.75 __ 12,800 X 25.5? X 12° 


10E ie 10 X 30,000,000 


Floorbeam.—Floorbeams are designed in the same way as other plate girders. The section 
cut away for clearance at the joint must be strengthened by means of plates as shown in Fig. 13. 
To determine the strength at the weakest section, A-A, the following method is used. 

The floorbeam is drawn to scale in Fig. 13, so that distances can be scaled and the maximum 
floorbeam reaction 189,980 Ib. be resolved graphically, in the center line of the post, into 80,000 
Ib. normal to A—A, which produces direct tension on the section A-A, and 173,000 lb. parallel 
to A-A, which produces shear and flexural stress. 


= 16,000 lb. per sq. in. 
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Rivet holes are considered as spaced 3 in. along the section A—A, for when the beam is detailed 
it is not probable that they will be spaced closer than 3 in. Holes are deducted from the tension 
side only. 1 in. holes being deducted for 7% in. rivets. 

The plates may not be exactly as indicated on Fig. 13 for it may be necessary to alter them 
slightly in detailing, but small changes will not change the results materially. It is quite an 
advantage to have the investigation made before the beam is completely detailed as alterations 
are more easily made at that time if the beam proves weak in any particular. 

The curved angle at the bottom will not be considered as adding to the strength. 

Values for the area, eccentricity and moment of inertia are found as follows. 

First the moments and moments of inertia of the separate parts are found about an axis 
through the geometric center of the section, the eccentricity is then calculated. The moment 
of inertia about an axis through the center of gravity is found by subtracting the product of the 
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area and the eccentricity squared from the moment of inertia about the axis through the geometric 
center or 
I, = Im — A-é 


Note.—For sake of simplicity the total section was divided up as follows: 

A, includes three }4 in. and two % in. plates, the 6” X 54” legs of the flange angles and 5 
in. +14 in. of the 4” X 5” leg. The spaces allowed for clearance were considered as solid with 
no appreciable error. 

B, includes the remainder of the 4” 5” legs of flange angles. 

C, includes the 3% in. outside plates considered as solid. 

D, includes the rivet holes, 1 in. in diameter and 3.5 in. long, spaced 3 in. center to center. 
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Tastes or ArcAs, MoMENTS AND Moments oF INERTIA. 


Size, Area, Yo, Moment, 
In. Sq. In. In. In—Lb. 


35-5 X 2.75 +97.6 ) | ° 
Moment of Inertia about own axis 
5-75 X 0.625 +36 | +17.4 + 62.6 +17.4 
Moment of Inertia about own axis 
18.0 X 0.75 -+13.5 | — 88 —118.6 — 88 
Moment of Inertia about own axis 


+162.6 = oF 


Moment of Inertia about own axis 


+972 | +106.6 
é = 106.6 + 97.2 = I.10 A-@=972X 110 = 


Total moment of inertia about centroidal axis = 


5 XIX 3-5 175 alo 'S 


The bending moment of this section, from Fig. 14 is 
M = 189,980 X 27 = 5,130,000 in.-lb. 
or 
M = 173,000 X 29.5 = 5,130,000 in.-lb. 
The direct tension is 80,000 lb. 
The shear on the section is 173,000 lb. 
Compression in extreme fiber due to moment 
_S, = M-c! + I = (5,130,000 X 16.65) + 10,802 = + 7,850 lb. per sq. in. 
Tension in extreme fiber due to moment is : 


S, = M-c'’/I = 5,130,000 X 18.85 + 10,802 = — 8,950 lb. per sq. in. 
Tension on whole section due to direct stress 


: Sy = P/a = 80,000 + 97.2 = — 820 Ib. per sq. in. 
Total compression in extreme fiber 
S = S, + S: = 7,850 — 820 = + 7,030 Ib. per sq. in. 
Total tension in extreme fiber 
S=S, +S, = — 8,950 — 820 = — 9,770 lb. per sq. in. 
Unit shear is approximately : 
S' = 173,000 + 97.2 = 1,780 lb. per sq. in. 

The allowable unit stress in compression = 16,000 lb. per sq. in. (Spec. § 16). 

The allowable unit stress in tension = 16,000 lb. per sq. in. (Spec, § 15). 

The allowable unit stress in shear = 10,000 Ib. per sq- in. (Spec. § 19). 

END CONNECTIONS FOR TENSION AND COMPRESSION MEMBERS.—For simple 
connections with concentric stresses the number of rivets in riveted end connections may be taken 
as equal to the total stress in the member divided by the allowable stress on one rivet for bear- 
ing or for shear, Table 114, whichever gives the larger number of rivets. Specifications uni- 
formly require that the connections of members be designed to develop the full strength of the 
member. The minimum number of rivets in shop connections should be two rivets, except for 
lacing bars; while the minimum number of rivets in field connections should be three rivets, 
except for lacing bars. In lateral bracing or stiff bracing or struts the actual number of rivets 
required to develop the full strength of the member should be increased by two rivets, for the 
reason that two rivet holes are almost certain to be badly distorted by the drift pins in draw- 
ing the member up. Rivets should be grouped symmetrically about the neutral axis of the 
member or the eccentric stresses should be calculated and provided for. The strength of a struc- 
ture depends very much upon the strength of the connections, and the details of the joints and 
connections should be worked out with great care. 
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References.—§ 49, p. 58; § 78, § 79, § 80, § 81, § 85, p. 60; § 40, § 41, p. 141; § 60, § 62, p. 142; 
§ 63, § 64, § 65, § 66, § 74, p. 143; § 18, § 19, p. 209; § 37, § 39, § 40, p. 210; § 41, § 42, § 52, p. 2113 
§ 74, p. 212, p. 219, p. 223; Tables 106 to 119 inclusive. 

Strut or Tie.—Design the end connection for a 4’ x 4” x 34” angle, carrying a stress (either 
tensile or compressive) of 40,000 lb., the angle being fastened by both legs to a 34 in. plate as shown 
in Fig. 2, using 34 in. rivets. 

Solution.—The allowable stress on one 34 in. rivet in single shear is 5,300 Ib. and in bearing 
on a %% in. plate is 6,750 lb., using 12,000 lb. per sq. in. and 24,000 lb. per sq. in. as the allowable 
stresses in shear and bearing, respectively. Table 114. The shear evidently controls, and the 
number of rivets is 

__ 40,000 


5,300 = 7.6 or 8 rivets. 


Four of these will be placed in the main angle and four in the lug angle. In order to transfer 
the proper portion of the stress to the lug angle, the number of rivets between the main angle 
and lug angle must be equal to the number of rivets in the lug angle, or four in this case. ; 

If the angle is connected by one leg only the eight rivets will be put in one leg as shown in 
Fig. 3. 

Pin-connected Top Chord.—Design the end connection for the top chord of a pin-connected 
bridge as shown in Fig. 14. Length center to center of pins = 25/0. Rivets 7% in. 

Solution.—The connections should be designed to carry the full strength of the member and 
not the stress that it carries. The allowable unit stress is f, = 16,000 — 701/r = 16,000 — 70 X 
25 X 12 

8.12 

The entire stress of 695,000 Ib. must be transferred from the member to the pin through the 
pin plates and web plates. In the body of the member the stress is distributed among the dif- 
ferent parts in proportion to the gross area, or as follows: 


= 13,420 lb. per sq. in. Total stress = 13,420 X 51.84 = 695,700 lb. 
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Item.. Material. Area X Unit Stress = Total Stress. | Stress on One Side. 


1 Cover Plate 24 in. X 3% in. 13.50 X 13,420 ; 90,500 lb. 
a 6.62 “ “ 


2 Top Angles x4" xX Xe” 
2 Web Plates 20 in. X # in. 20.00 
2 Bottom Angles 67 XK Alike 11.72 § 


51.84 & 13,420 i 347,850 lb 


44,450 


“ 
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The total bearing area required on one side of the member is, 


_ 347.850 


FS 14.49 sq. in. 


The total thickness of bearing required on one side, using a 61% in. pin, is, 


p= 14-49 
6.25 
This thickness will be provided by the plates A, B, C, D and E as shown in Fig. 14. The 
plate B in the web and has a thickness of 14 in. Plate C must act as a fill plate so must be of the 
same thickness as the bottom angles or 54 in. The outside plate Z and the inside plate A should 
be thinner than D so they will be made 3 in., and D will be made 4%in. The actual thickness of 
bearing is then 2.375 in., and the required thickness is 2.32 in. In arranging the plates a clear- 
ance of 1 in. should be allowed between the plates which pass around the pin, and the nearest 
plate as shown in Fig. 14. It is necessary to put a 3/16 in. fill plate, F, opposite the top angle 
to make up for the difference in thickness in the 54 in. bottom angle and the 7/16 in. top angle. 
The stress transmitted to a plate by the pin is equal to the ratio of its thickness to the total 
thickness, multiplied by the total stress. The stresses in the various plates are as follows. 


2.32/10 


Stress in A = ots X 347,850 = 54,920 lb. 


2.375 
= on X 347,850 = 73:240 Ib. 
C= ~ X 347,850 = 91,530 lb. , 
= = X 347,850 = 73,240 Ib. 
E= oe x 347,850 = 54,920 Ib. 
Total = 347,850 lb. 


An exact solution for the number and location of rivets is not practicable. A common solu- 
tion is to consider that all the pin plates transmit their stress to the web and that the web, in turn, 
distributes this stress over the section. This solution overstresses the web in the vicinity of the pin. 

A better solution is to consider that the stress in the cover plate and top angles is transmitted 
in double shear or bearing on the vertical leg of the top angles from the web plates and pin plates 
through the rivets in the vertical leg of the angles. The stress in the bottom angles is transmitted 
in double shear or bearing on the vertical leg of the bottom angles from the web plates and pin 
plates through the rivets in the vertical leg of the angles. The stress on the rivets between the 
web plate and plate C is equal to the sum of the stresses in C, D and E, minus one-half the sum of 
the stresses in the cover plate, top angles and bottom angles on one side. 

The number of rivets in the plate A is determined by the stress in A only, and is controlled 
by single shear and is, 

— 54,920 
73220 


= 8 rivets. 


The number of rivets in the plate E is determined by the stress in E only, and is controlled 


by single shear and is, 
— 54:920 
7,220 


= 8 rivets. 


The number of rivets between D and the top angle and between B and the top angle is de- 
termined by bearing on the 7/16 in. angle and is, 
pies DOSE + 44,450 
9,190 
The number of rivets between D and the bottom angle and between B and the bottom angle is, 


= 15 rivets. 


oe 
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n= 78,650 = 9 rivets. 
9,190 


The number of rivets between C and web, B, is determined by single shear, and is 


= 73:240 + 54,920 + 91,530 — 3(90,500 + 44,450 + 78,650) 
Ts 7,220 

End Connections for I-Beams.—The end connections for Carnegie I-Beams are given in 
Tables 117 and 118, and for Bethlehem I and Girder Beams in Tables 156 and.157, respectively. 
The end connections for short beams, and for beams carrying heavy loads should be carefully 
investigated for direct and bending stresses. Rivets should never be used in direct tension, 
Connections where rivets would be in direct tension should be provided with turned bolts. 

Eccentric Riveted Connections.—The actual shearing stresses in riveted connections are 
often very much in excess of the direct shearing stresses. This will be illustrated by the calcula- 
tion of the shearing stresses in the rivets in the standard connection shown in F ig. 15, which is 
assumed as loosely bolted to a column. : 

The eccentric force, P, may be replaced by a direct force, P, acting through the center of 
gravity of the rivets and parallel to its original direction, and a couple with a moment M = P x 3 
in. = 60,000 in.-lb. Each rivet in the connection will then take a direct shear equal to P divided 

by 2, where is the total number of rivets in the connection, and a shear due to bending moment M. 
The shear in any rivet due to moment will vary as the distance, and the resisting moment 
exerted by each rivet will vary as the square of the distance of the rivet from the center of gravity 

_ of all the rivets. 
Now, if a is taken as the resultant shear due to bending moment in a rivet at a unit’s distance 


nN = 16 rivets. 


. from the center of gravity, we will have the relation, 


M = a(dy + ds? + dy? + de? + de?) 
= azd* 
and 
ee 
~ zd? 
The remainder of the calculations are shown in Table I. The resultant shears on the rivets 
_are given in the last column of the table and are much larger than would be expected. 
The force and equilibrium polygons for the resultant shears and load P, drawn in Fig. 15, 
close, which shows that the connection is in equilibrium. : 


TABLE I. 


Direct Shear, S = 20,000 + 5 = 4,000 |b? 
Moment = 20,000 X 3 = 60,000 in.-lb. = a(d;? + d,? + de + d2+ dj?) 
Where a = Moment shear on rivet 3, = 2,630 Ib. 


a2, Moment, 
In.? In.—-Lb. 


7.29 19,185 
3 -61 9,500 
1.00 2,630 
3-61 9,500 
7:29 19,185 


azd*? = 22.80 a = 60,000 in.-Ilb. 


a = 2,630 lb. = moment shear on-rivet 3. 
M = shear due to Moment. 

S = Shear due to Direct Load, P. 

R = Resultant Shear. 
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Note.—In the analysis above it was assumed that the beam connections were bolted and 
that the bolts would not transmit tension in the direction of their length. If the connection is 
bolted or riveted rigidly so that the bolts or rivets may transmit tension (rivets should never 
transmit tension) in the direction of their length, the resisting moment thus developed will de- 
crease the shearing stresses on the rivets in the connection due to bending moment. 
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FIG, 15. STRESSES IN AN ECCENTRIC RIVETED CONNECTION. 


Web Splice.—The plate girder shown in Fig. 16 is to be spliced at a section where the bending 


moment is 1,667,000 in.-lb. and the shear is 165,000 Ib. 
Solution —The method which assumes that one-eighth the area of the web is available as 
flange area will be used. The formula for stress in the outermost rivet is 


=) SY oe 


V = total shear at the section. 

M’' = moment carried by web. 

2n = number of rivets on one side of the splice. 

22d?= the sum of the squares of the distances of the rivets, on one side of the splice, from the 
neutral axis. 

The joint must first be designed and then investigated. The number of rivets required is 
several rivets in excess of the number required to carry the direct shear. The number of % in. 
rivets required for shear alone is determined by bearing on the 4 in. web plate, and is 
V _ 165,000 


= = 15.6, (Table 114). 


2ani=>— 
r 10,500 


A joint with 17 rivets spaced as shown in Fig. 16 will be assumed. An odd number of rivets 
simplifies the calculation. 


V = 165,000 lb. 
M’ = 1,667,000. X 3.00 + 12.50 = 400,000 in.-lb. 
onl ve 

dn =16 in, 


22d? = 2(2? + 4? + 6 + 8 + 10 + 12% + 14? + 16%) = 1632 in? 
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Then the maximum stress on the outside rivet will be, 


6. 
r= v( eat a jc (toomve X28 ees eV = V9,660? + 3,920? = 10,430 Ib. 
1,632 
The allowable value of r for a % in. rivet is 14,400 lb. in double. shear and 10,500 lb. in 
bearing on 1% in. web plate (Table 114), so the joint is satisfactory. 
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Riveted Joints in Cylinder, Pipe or Tank.—A cylinder 46 in. in diameter is to be designed to 
carry an internal pressure of 100 Ib. per sq. in. Compute the required thickness of plate and 
design a longitudinal double riveted lap joint of equal efficiency for all parts. Reduce to com- 
mercial dimensions and investigate. - 

Solution.—The unit stresses allowed by specifications for tanks are f: = 12,000 lb. per sq. in., 
fo = 12,000 |b. per sq. in., f. = 24,000 Ib. per sq. in., for shop joints. 

From ‘Structural Mechanics,’’ Chapter XVI. 


= 2fe Ra: 2 X 24,000 
~ fe + 2fe 12,000 + 2 XK 24,000 = 0.80 (16a) 
. WD _ ~~ 100 X 46 5. : 
‘= 2fr-e a> X 12,000 X 0.80 = 0.24 in. (16D) 
= hfe pl 4 X'24,000 - . ; 
aR x-fo | — 3.1416 X 12,000 2A 0.0% An. (16c) 
| 2g [: +2 a = [: ote 2224800 | X 0.61 = 3.05 in. (16d) 


This joint would have the efficiencies for tension, compression and shear all equal, but the 
sizes could not be obtained from stock so that the joint must be altered to suit commercial sizes. 
Make t = 4 in., d = % in., p = 3 in., and investigate the joint. 


ce oso ie a %3 = 6,900 Ib. (14d) 
Bi ee, 4s 91900 Vo Oe 
a (p—dt 2.375 X0.25 — 11,600 lb. per sq. in. (14a) 
gk it ME RSS ' nt 
fe 2t-d 2X 0.25 X 0.625 22,100 Ib. per sq. in. . (14b) 


ri = 11,200 lb. per sq. in. (14¢) 


598 THE DESIGN OF STEEL DETAILS. Cuap. XVII. 

Other considerations such as water-tightness enter into the design of joints; see Table 113. 
Table IIa, page 370 gives the properties of water tight joints. By efficiency is meant the ratio 
of the strength of the joint to the strength of a plate of equal thickness. Under effective section 
of plates in Table Ila, page 370, is given the thickness of an unriveted plate which would have 
the same strength as the joint. 

The most efficient joint for a given thickness of plate is found as follows: For single riveted 
lap joint in a 4 in. plate, 


= Ale _ 4X 24,000 


oa 3.14 X 12,000 X 0.25 = 0.637 in. (15e) 
= fe -| sent Lee, ‘ 
p=[1 + |¢- ary d = 3.0d = 1.911 in. (15f) 
p—d 
= = 0,67. 
e > 0.67 


Use 5 in. rivets with 2 in. pitch. 
Formulas for Riveted Joints.—The general formulas for the investigation of lap joints with 
any number of rows of rivets are (For Nomenclature, see Chapter XVI.), 


iP P ie 


f= Gai Ena’ "paw Gy 
For design of a joint of maximum efficiency, 
BERS icme w:D 4fo [ f| 
¢=—>-; d= ——- ; = a ; 
aa fi tk fit k-fe’ 2ft-e a fv Pp x TEE d (29) 


where k = number of rows of rivets. 

For a butt joint with a single strap plate and a single row of rivets the joint becomes two 
single riveted lap joints and the formulas for riveted lap joints may be used (Structural Mechanics 
13 and 15). Fora butt joint with double strap plates and a single row of rivets on each side, 


P ip P : 
FG ae! otras eres tee (30) 
For a butt joint with double strap plates and double riveting on each side, 
P = ; 
ti = (p — dt’ feds a’ f= . (31) 


When a single strap plate is used it should never be thinner than the main plate, and when double 
strap plates are used they should never be thinner than 44 the thickness of the main plate. 

For data on riveted joints for tanks and stand-pipes, see Table Ila, page 370. 

DESIGN OF LACING BARS FOR COLUMNS.—It is difficult to calculate the bending 
stresses in a built-up column, and since the shearing stresses depend on the bending stresses the 
design of lacing bars must be largely a matter of judgment until sufficient tests are made to 
establish empirical formulas. The following method gives results that agree with tests and with 
good practice. 

For a column with a concentric loading, experiments show that the allowable unit stress may 
be represented by the straight line formula, = 16,000 — 70//r Ib. per sq. in., where p = allow- 
able unit stress in the member; / = length of the member, c. to c. of end connections, and r = 
radius of gyration of the column, both in inches. Now the allowable unit stress on a short block 
is 16,000 lb. per sq. in., and the 70//r represents the increase in the fiber stress in the column. 


5 Wl 
Now if we assume that this fiber stress is caused by a uniform horizontal load, W, then “eee 


70I +1 


aie where J = moment of inertia of the cross-section of the column = A-r*, where A = the 
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area of the cross-section of the column, and c = the distance from the neutral axis of column 


to the extreme fiber in the plane parallel to the plane of the lacing bars. Then wi = Wart ‘ 


and W = 5604 Now the shear in the column will be S = W/2, and the shear is S = 


: : ‘ F Ae 
2804 , and the stress in a lacing bar will be = 280 =e X.csc 6, where 9 = the angle made by 


the bar with the axis of the column. Ina laced channel column the shearing stress above will be 
taken by two lacing bars. This shows that the stresses in the lacing bars in the column with a 
concentric loading depend upon the make-up of the column, and are independent of the length 
of the column. é 

Mr. C. C. Schneider by a somewhat different method has deduced the same formula on page 
195 of the Report of the Royal Commission on Collapse of Quebec Bridge, 1908. 

If the column carries a direct shear in addition to the shear due to the concentric load, or if 
the column has an eccentric load the additional shearing stresses must be considered in designing 
the lacing. The total stress in the lacing bar will be the total shear at the section multiplied by 
the cosec of the angle made by the lacing bar with the axis of the column. 
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PART II. 
STRUCTURAL TABLES. 


Introduction.—The tables in Part II include the properties of simple rolled sections; the 
properties of compound sections; the properties of built-up sections for columns, struts and 
chords; safe loads for angles, beams and channels, and of angle struts; properties of rivets and 
riveted joints, and miscellaneous data for structural design. It has been the aim to give tables 
and data that will be of use to the designing engineer and to the student in the designing room 
rather than to give safe loads, stresses and other predigested data that may be used by the novice. 
To this end properties of sections are given while safe loads for columns and chords have been 
omitted. Tables of trigonometric functions and logarithms and other tables that are readily 
available have not been included. The tables are arranged so that each page is self-contained 
and self-explanatory. In the tables the properties of rolled sections are grouped together for ease 
in reference, and are followed by properties of built-up sections. The tables in Part II are num- 
bered in Arabic numerals. 

Original Tables.—Tables 3, 4, 5, 13, 19, 20, 21, 22, 32, 33, 34, 35, 36, 37, 38, 39, 40, 56, 57, 
58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 78, 79, 80, 81, 82, 83, 84, 85, 86, 
87, 134, 135 and 136, covering 136 pages, were calculated especially for this book. The tables 
have been calculated and checked with great care and are believed to be accurate. These tables 
are fully protected by copyright and are not to be copied without permission from the author. 

The properties of compound sections consisting of two or four angles or of two channels, 
placed in different relative positions, may be used in designing struts, columns or chords where 
the sections are held together by means of lacing and tie plates; or the properties of built-up 
sections may be obtained by combining the moments of inertia of the compound sections and the * 
moments of inertia of one or two plates in the proper relative positions. The built-up sections 
are all designed to comply with standard specifications and with the standards of the American 
Bridge Co. for rivet spacing and structural details. To illustrate the use of the tables of compound 
sections in building up struts, columns and chords, a one page table is given for each built-up 
section in common use, in which the properties for the usual proportions are given and the methods 
for calculating additional values by using the key tables of compound sections are given. The 
method of calculating the properties of built-up sections by using the moments of inertia of com- 
pound sections is shown in Table I. 

STANDARD TABLES.—The other tables in Part II have been taken from Carnegie Steel 
Company’s ‘Pocket Companion,’’ Cambria ‘‘Steel,’’ American Bridge Company’s “Book of 
Standards,” and other sources to which credit has been given. Many of the copied tables have been 
rearranged and extended. The properties of I-Beams in Table 7, properties of channels in Table 
14, and properties of angles in Table 23 and Table 24 were taken from American Bridge Com- 
pany’s “ Book of Standards,’’ but have been checked with the recent edition of Carnegie’s ‘‘ Pocket 
Companion.”’ 
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TABLE I. 


A | Aofdls Table 33.\ Aof PL Table/.\ Aof2FL _ Tablel. 
Required 1, | L,0fdb =I,Jable 33. | L,of Pi=I,,Table3. | L,oF2PL =I,Jable 4. 


Required I, | 1,0F4ls=],,Table 36. | I,of Pl=Ip,Table4.| I, of LPl=1, Table3. 


I, Moment of Inertia, AXisAA, L,=/Moment of Inertia, AxisXX. A=Area. 

L/oment of Inertia, Ax/s BB. L,-(Toment oF Inertia, Axis YY « = \fotall,=ToLalA . 
i =fadws of Gyration, AxisA-A. L,=/foment of Inertia, Axis I-l . ‘A g aoe = 7 
1g=hadlus of byration, AvsBB. —_ I,=/omentof. Inertia, AXISCL. 1 = VWotallg: aA. 


fegquired 


TOP CHORD SECTIONS.—The top chord sections given in Tables 82 to 86 were calculated 
to comply with the standard specifications which follow, unless otherwise noted in the tables. 

Specifications.—All top chord sections shall comply with the following requirements. 

Thickness of Metal—The minimum thickness of metal shall be }4 in. for highway bridges 
and %% in. for railway bridges. 

Cover Plates —The cover plate shall have a thickness not less than one-fortieth (75) the dis- 
tance between gage lines of rivets in the flange angles on each side of the section. The cover 
plate shall always have the minimum thickness that will comply with the above requirements. 

Web Plates —The web plates shall have a thickness not less than one-thirtieth (;'5) the 
distance between gage lines of rivets in the flange angles in the line of stress. As much of the 
metal as practicable shall be concentrated in the web plates and flange angles. 

Proportions of Chord Section.—There shall be a top cover plate which shall have a minimum 
thickness permitted by the specifications. As much of the metal as possible shall be concentrated 
in the web plates and flange angles. The top and bottom angles shall be so selected as to bring © 
the neutral axis of the section as near the center of the web plates as practicable. The moments 
of inertia of the section about the two rectangular axes shall be approximately equal. 
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-375| .469] . : -750| . -938]1.031|1.125|1.219 
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563] .703| . . 1.125)1. 1.406|1.547 1.688|1.828 
625] .781] . A 1.250]1. 1.563|1.719 1.875 |2.031 
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-531| .797|1.063|1.328)1. -859/2.125]2.391|2.656/2.922 3.188|3.453 
563) .844/1.125/1.406]1. -969|2.250|2.531|2.81313.094 3.375 |3.656 
-594| -891|1.188/1.484/1. 5 eg 7s Oe 2.969 3-266 3.563 3.859 
625] .938]1.250/1.563|I. 5 2.500|2. 3-125|3-438,3.750|4.063 


656) .984|1.313|/1.641|1. .297|2.625|2.95313.281/3.609/3.938|/4.266 
.688] 1.03 1/1.375|1.719|2. ; 2.750)3- 3.438)3. 4.125 14.469 
-719|1.078] 1.438]1.797|2. 3 2.875|3. 3.59413. 4.313 |4.672 
+750/1.125]1.500]1.875]2. 5 3-000|3.375|3-750/4.12514.500|4.875 


-781/1.172|1.563/1.953|2.344|2.734|3-125|3.516|3.906|4.297|4.688 15.078 
.813]1.219]1.625|2.031|2.438]/2.844|3.250)3. 4.063 4-875 5.281 
.844|1.266|1.688|2.109]2.531/2.95313-375|3-797|4-219|4.641 5.063 |5.484 
.875|1.313|1-750|2.188|2.625 |3.063|3.500|3.938|/4.375 3/5.250|5.688 


-906}1.359|1.813|2.266|2.719|3.172|3.625|4.078/4.531|4.984'5.438]|5.891 
-938)1.406|1.875|2.344|2.813]|3.281|3.750/4.219|4.688]5.156 5.625 |6.094 
-969]1.453|1.938|2.422|2.906|3.391|3.875|4.359|4.844 6.297 
1.000} 1.500]2.000|2.500|3.000]3.500]4.000/4.500]5.000|5.500,6.000]6.500 


1.03 1|1.547|2.063|2.578/3.094|3.609]4.125|4.641]/5.156 
1.063|1.594)2.125|2.656|3.188]/3.719|4.250/4.781|5.313 
1.094|1.641|2.188|2.734|3.281|3.828]4.375|4.922|5.469 
63 |1.125]1.688]/2.250|2.813|3.375|3-93814.500|5.063|5.625|6. 
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6.703 
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7.109 
7-313 


1.156)1.734)2.313|2.891|3.469|4.04.714.625|5.203|5.781|6. .938|7.516 
1.188]1.781|2.375|2.969|3.563|4.156|4.750|5.344|/5.938]6. \7- 7.719 
609 |1I.219}1.828}2.438|3.047)3.656|4.266/4.875|5.484|6.094|6. F 7.922 
1.250|1.875|2.500]3.125|3.750|4.375|5.000|5.625/6.250/6.875 7.500)8.125] 
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+719 |1.438]2.156|2.875/3.594|4.313/5.03115.750|6.469|7.188]7. 625 |9.344| 10.06 
+734 |1.469]2.203|2.938)3.672|4.406|5.141|5.875|6.609|7.3.44|8. 813 |9.547|10.28 
+750 |1.500|2.250|3.000|3.750!4.500|5.25016.000|6.750/7.500/8. .000|9.750|10.50 
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TABLE 1.—Continued. 
AREAS OF BARS AND PLATES. 
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6.25] 7.03] 7.81] 8.59] 9.38|10.16|10.94|11.72 
6.50] 7.31| 8.13] 8.94] 9.75|10.56|11.38|12.19 
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7.00| 7.88] 8.75] 9.63]10.50|11.38)12.25/13.13 
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7.25| 8.16] 9.06] 9.97|10.88]11.78]12.69]13.59 
7.50| 8.44] 9.38|10.31|11.25|12.19|13.13]14.06 
7.75| 8.72| 9.69|10.66|11.63|12.59]13.56|14.53 
8.00] 9.00]10.00] 1 1.00] 12.00]13.00|14.00|15.00 
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g.28]10.31/11.34|12.38]13.41|14.44/15.47 
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1.281|2.563]3. 
1.313|2.625]3. 
11.34412.688]4. 
1.375|2-750|4. 
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1.438|2.875|4. 
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11.53]12.81|14.09]15.38]16.66|17.94|19.22 
I1.81|13.13|14.44|15-75|17-06)18.38|19.69 
12.09|13.44|14.78|16.13|17.47|18.81)20.16 
12.38|13.75]15.13|16.50|17.88) 19.25 |20.63 
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12.66|14.06|15.47|16.88]| 18.28|19.69|21.09 
12.94|14.38|15.81|/17.25]18.69)20.13/21.56 
13.22|14.69|16.16|17.63|19.09|20.56|22.03 
13.50|15.00|16.50|18.00]19.50|21.00/22.50 
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1.563|3.125]4. x - -50|14.06|15.63|17.19|18.75|20.3 1/21.88|23.44 
1.625|3.250]4. y : .00|14.63]16.25|17.88]19.50|21.13|22/75|24.38 
1.688/3.375|5- : : .$0|15.19|16.88]18.56|20.25|21.94|23.63/25.31 
1.750]3.500]5. : .00|15.75|17.50]/19.25|21.00|22.75|24.50|26.25 


1.813]3.625]5. 5 .60|16.31|18.13|19.94|21.75|23.56|/25.38|27.19 
1.875|3.750|5- ? ; .00|16.88]18.75|20.63|22.50|24.38/26.25/28.13 
1.938|3.875|5. ; ; .50|17.44|19.38]21.31/23.25|25.19|27.13|29.06 
2.000] 4.000]6. : .00| 18.00]20.00]22.00]24.00|26.00|28.00|30.00 


2.063]4.125|6. ; .§0|18.56]20.63|22.69/24.75|26.81|28.88|30.94| 33: 
2.125|4.250)6. : .00] 19.13]21.25]23.38|25.50|27-63|29.75|3 1-88) 3 
2.188]4.375|6. : .50|19.69]21.88]24.06/26.25|28.44|30.63|32.81 
2.250]4.500|6. ! .00|20.25]22.50/24.75|27.00|29.25|31.50/33-75 


2.313|4.625]6. : .60|20.81123.13|25.44|27.75|30.0632.38]34.69 
2.375)4-75°|7- : .00|21.38]23.75|26.13/28.50]30.88/33.25)35.63 
2.438|4.875|7. - .50|21.94|24.38]26.81/29.25]31-69|34.13|36.56 
2.500}5 .000)7. x .00|22.50|25 .00/27.50|30.00}32.50)35.00/37.50 


2.563|5.125]7. 5 .50|23.06|25.63|28.19|30-75|33-31/35-88)38.44 
2.625]5.250/7. : .00|23.63|26.25|28.88)31.50|34-13|36-75|39.38 
2.688)5.375|8. : .60|24.19]26.88|29.56|32.25|34.94|37-63) 40.31 
2.750/5-500/8. 4 .00|24.75]27.50/30.25|33.00|35-75/38.-50/41.25 


2.8135 .625)8. 5 .§0|25.31|28.13|30.94|33-75|36-56|39-38/42-19 
2.875|5.750)8. . .00|25.88]28.75|31.63|34.50|37-38)/40-25 43.13 
2.938)5.875|8.813| 11. .50|26.44|29.38/32.31|35-25|38-19|41-13|44.06 
3.000|6.000|9.000} 12. : ,00|30.00|33.00|36.00| 39.00] 42.00) 45.00 
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AREAS OF BARS AND PLATES. 


SQUARE INCHES. 


Thickness, Inches. 
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24.50 
25.00 
25150 
26.00 
26.50 
27.00 
27.50 
28.00 
28.50 
29.00 
29.50 
30.00 
30.50 
31.00 
31.50 
32.00 
32.50 
33.00 
33-50 
34.00 
34-50 
35-00 
35-50 
36.00 
36.50 
37.00 
37-50 
38.00 
38.50 
39-00 
39-50 
40.00 
40.50 
41.00 
41.50 
42.00 
42.50 
43.00 
43.50 
44.00 
44.50 
45.00 
45-50 
46.00 
46.50 
47.00 
47-50 
48.00 
48.50 
49.00 
49-50 
50.00 


27.56 
28.13 
28.69 
29.25 
29.81 
30.38 
30-94 
31.50 
32.06 
32.63 
33-19 
33-75 
34-31 
34.88 
35-44 
36.00 
36.56 
37-13 
37.69 
38.25 
38.81 
39.38 
39-94 
40.50 
41.06 
41.63 
42.19 


42.75 
43.31 
43.88 
44-44 
45.00 
45.56 
46.13 
46.69 
47.25 
47.81 
48.38 
48.94. 
49.50 
50.06 
50.63 
51.19 
51.75 
52.31 
52.88 
53-44 
54-00 
54.56 
55-13 
55.69 


56.25 


30.63 
31.25 
31.88 
32.50 
33-13 
33-75 
34.38 
35.00 
35.63 
36.25 
36.88 
37-50 
38.13 
38.75 
39.38 
40.00 
40.63 
41.25 
41.88 
42.50 
43-13 
43-75 
44.38 
45.00 
45.63 
46.25 
46.88 
47.50 
48.13 
48.75 
49.38 
50.00 
50.63 
51.25 
51.88 
52.50 
53-13 
53-75 
54.38 
55.00 
55-63 
56.25 
56.88 
57-50 
58.13 
58.75 
59.38 
60.00 
60.63 
61.25 
61.88 


33.69 
34.38 
35.06 
35-75 
36.44 
37-13 
37.81 
38.50 
39-19 
39.88 
40.56 
41.25 
41.94 
42.63 
43-31 
44.00 
44.69 
45.38 
46.06 
46.75 
47-44 
48.13 
48.81 
49.50 
50.19 
50.88 
en.50 
52.25 
52.94 
53-63 
54-31 
55-00 
55.69 
56.38 
57.06 
57-75 
58.44 
59-13 
59.81 
60.50 
61.19 
61.88 
62.56 
63.25 
63.94 
64.63 
65.31 
66.00 
66.69 
67.38 
68.06 


62.50|68.75 


36.75 
37-50 
38.25 
39.00 
39-75 
40.50 
41.25 
42.00 
42.75 
43.50 
44.25 
45.00 
45-75 
46.50 
47-25 
48.00 
48.75 
49.50 
50.25 
51.00 


52-75 
52.50 
53-25 
54.00 
54-75 
55:50 
56.25 
57.00 
57-75 
58.50 
59-25 
60.00 
60.75 
61.50 
62.25 
63.00 


63.75 
64.50 
65.25 
66.00 
66.75 
67.50 
68.25 
69.00 
69.75 
70.50 
70:25 
72,00 


72-75 


39.81 
40.63 
41.44 
42.25 
43.06 
43.88 
44.69 
45-50 
46.31 
47-13 
47.94 
48.75 
49.56 
50.38 
51.19 
52.00 
52.81 
53.63 
54:44 
55:25 
56.06 
56.88 
57.69 
58.50 
59.31 
60.13 
60.94. 
61.75 
62.56 
63.38 
64.19 
65.00 
65.81 
66.63 
67.44 
68.25 
69.06 
69.88 
70.69 
71.50 
2a 
73-13 
73-94 
74:75 
75-56 
76.38 
77-19 
78.00 
78.81 


73-50 
74.25 
75.00 


79-63 
80.44 
81.25 


42.88 
43-75 
44.63 
45-50 
46.38 
47-25 
48.13 
49.00 
49.88 
50.75 
51.63 
52.50 
53-38 
54.25 
55-43 
56.00 
56.88 
57-75 
58.63 
59-50 
60.38 
61.25 
62.13 
63.00 
63.88 
64.75 
65.63 
66.50 
67.38 
68.25 
69.13 
70.00 
70.88 
72-75 
72.63 
73-50 
74.38 
75-25 
76.13 
77.00 
77.88 
78.75 
79-63 
80.50 
81.38 
82.25 
83.13 
84.00 
84.88 
85.75 


45.94 
46.88 
47.81 
48.75 
49.69 
50.63 
51.56 
52.50 
53-44 
54.38 
55.31 
56.25 
57-19 
58.13 


59.06 
60.00 


60.94 
61.88 
62.81 
63.75 
64.69 
65.63 
66.56 
67.50 
68.44 
69.38 
70.31 
71.25 
72.19 
73-13 
74.06 
75.00 
75-94 
76.88 
77-81, 
78.75 
79-69 
80.63 
81.56 
82.50 


83.44 
84.38 
85.31, 
86.25, 
87.19 
88.13 
89.06 
90.00 


90.94 
91.88 


86.63 
87.50 


92.81 
93-75 
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2 | .053| .106] .159] 213] 27] .32] .37| -43| -48) -53] -58 64) .69| .74| .80) 85 

4 106| .213| .319] .425] .53] .64| .74| .85| 96] 1.06) 1.17] 1.28 1.38] 1.49] 1.59] 1-70 

3 | .159] .319] -478] .638] 80] .96} 1.12] 1.28] 1.43] 1.59] 1-75) 1-91) 2.07) 2.23) 2.39) 2 55 
I .213] .425| .638| .850] 1.06] 1.28] 1.49] 1.70] 1.91) 2.13] 2.34] 2.55 2.76| 2.98] 3.19] 3.40 
14 | .266). .531| -797|1-063] 1.33] 1.59] 1-86} 2.13] 2.39 2.66} 2.92] 3.19] 3-45] 3-72| 3-98] 4.25 
1 319| .638| .956|1.275| 1.59] 1-91! 2.23] 2.55) 2.87) 3.19} 3.51 3.83| 4.14| 4.46] 4.781 5.10 
13 | .372| .744|1.116|1.488| 1.86] 2.23] 2.60) 2.98| 3.35) 3-72] 4-09 4.46] 4.83} 5.21] 5.58) 5.95 
2 .425|° 850|1.275|I.700] 2.13] 2.55] 2.98] 3.40) 3-83] 4.25 4.68] 5.10] 5.53] 5-95] 6.38] 6.80 
24 .478| .956|1.434|1-913| 2.39} 2.87] 3.35] 3-83] 4.30] 4.78 5.26] 5.74] 6.22] 6.69] 7.17] 7.65 
24 531|1.063|1-594|2.125| 2.66] 3.19] 3-72] 4.25] 4.78) 5.31 5.84] 6.38] 6.91] 7-44] 7-97] 8.50 
22 | .584]1-169|1.753]2-338) 2.92) 3.51] 4.09 4.68] 5.26| 5.84| 6.43] 7-01] 7.60] 8.18) 8.77] 9.35 
3 .638}1.275|1:913|2-550| 3-19] 3.83] 4.46] 5.10] 5-74 6.38] 7.01] 7.65| 8.29} 8.93] 9.56|10.20 
3% | .691|1.381|2.072|2-763] 3.45] 4-14] 4.83] 5-53 6.22| 6.91| 7.60] 8.29] 8.98) 9.67)10.36)11.05 
34 | .744|1.488|2.231|2.975| 3-72| 4.46] 5.21] 5.95] 6.69] 7.44] 8.18} 8.93 9.67|10.41|11.16|11.90 
32 | .797|1.594|2-391|3-188] 3.98] 4.78] 5.58] 6.38) 7-17} 7-97 8.77] 9.56|10.36|11.16,11.95)12.75 
4 .850|1.700|2.550|3.400] 4.25] 5.10) 5.95] 6.80] 7.65) 8.50] 9.35)10.20}11.05|11.90,12.75|13 60 
4% | .903|1-806]2.709|3.613] 4.52] 5-42] 6.32] 7.23] 8.13] 9.03] 9-93|10.84/11.74/12 64)/13.55|14.45 
42 ..| .956|1.913|2-869|3-825] 4.78] 5.74] 6.69] 7.65] 8.61 9.56|10.52|11.48]12.43]13.39)14.34]/15.30 
42 |1.009|2.019|3.028|4.038] 5.05] 6.06) 7.07) 8.08} 9.08)10.09}11.10)/12.11)13.12/14.13 15.14. 16.15 
5 1.063|2.125|3-188|4.250| 5.31| 6.38] 7.44) 8.50] 9.56)10.63 11.69]12.75]13-81/14.88)15.94|17.00 
st |r.116|2.231|3.347|4-403| 5.58] 6.69] 7.81) 8.93)10.04 II.16|12.27|13.39|14.50|15.62|16.73)17.85 
52 |1.169|2.338|3-506/4.675] 5.84) 7-01] 8.18] 9.35|10.52 11.69|12.86]14.03]15.19]16.36,17.53|18.70 
5% |1.222|2.444|3-666|4.888] 6.11] 7.33] 8.55) 9-78|11.00|12.22)13.44 14.66|15.88|17.11)18.33|19.55 
6 1.275|2.550|3-825|5-100| 6.38] 7.65] 8.93|10.20]11.48/12.75 |14.03}15.30 16.58]17.85|19.13|20.40 
6L |x.328|2.656]3.984|5-313] 6.64] 7.97] 9.30|10-63|11.95|13.28 14.61/15 .94|17.27 18.59)19.92 21.25 
6} |1.381|2.763|4.14415.525| 6.91| 8.29] 9.67|11.05]12.43]13.81|15.19 16.58|17.96}19.34 20.72|22.10 
6% |1.434|2-869|4.303|5-738] 7-17) 8.61|10.04/11.48|12.91|14.34 15.78]17.21|18.65|20.08 21.52)22.95 
7 1.488|2.975|4.463|5.950| 7.44| 8.93|10.41)11.90|13.39 14.88|16.36|17.85|19.34|20.83|22.31|23.80 
7 |1.541|3.081|4.622|6.163] 7.70| 9.24|10.78]12.33|13.87|15.41 16.95|18.49|20.03|21.57)23.11|24.65 
wi 11.59413.188|4.78%|6.375| 7-97| 9-56|11.16)12.75]14.34|15.94|17.53|19.13|20.72)22.31 23.91/25.50 
7% |1,647|3.294|4.941/6.588) 8.23] 9.88|11.53|13-18]14.82 16.47|18.12|19.76|21.41)23.06 24.70|26.35 
8 1.700|3.400|5 -100|6.800] 8.50|10.20/11.90)13.60]15.30|17.00 18.70|20.40|22.10|23. 80 25.50|27.20 
8 |1.753/3.506|5.259|7.013| 8.77|10.52|12.27|14.03|15-78|17.53 19.28)21.04|22.79|24. Salas 30|28.05 
84 |1.806|3.673|5.419|7-225| 9.03|10.84]12.64]14.45|16.26]18.06]19.87 21.68)/23.48|25. 29, 27.09|28.90 
83 |1.859|3.719|5-578|7-438] 9.30|11.16|13.02|14.88/16.73]18.59|20.45|22.3 124.17 26.03 27.89|29.75 
9 _|1.913|3-825|5.738}7-650| 9.56|11.48]13.39)15.30]17.21|/19.13|21.04)22.95 24.86|26. idse .69|30.60 
gt |1.96613.931|5§-897]7.863| 9.83/11-79]13-76|15-73|17-69|19-66)21.62)23.59|25.55|27.52,29. 48)/31.45 
gk (2.019|4.038)6.056|8.075|10.09|12.11|14.13|16.15]18.17/20.19|22.21/24.23 26.24|28. 26 30. 28|32.30 
9% |2.072|4.144|6.216|8.288]10.36]12.43 |14.50|16.58)18.65|20.72|22.79 24.86]26.93|29.01 31.08/33.15 
10 |2.125]4.250|6.375|8.500] 10.63] 12.75 |14.88]17.00] 19.13|21.25 |23.38)25.50 27.63|29.75 31-88|34.00 
rot |2.178|4.356|6.534|8-713|10.89|13.07|15.25|17-43|19.60|21.78|23.96|26.14}28.32|30.49 32.67|34.85 
tok |2.231/4.463|6.694)8.925|11.16|13.39|15-62|17.85 |20.08 22.3 1|24.54|26.78|29.01|31.24/33-47|35-70 
103 |2.284|4.569|6.853/9.138|11.42|13.71|15.99|18.28]20.56|22.84|25.13|27.41/29.70 31.98|34.27|/36.55 
11 |2.338|4.675|7.013|9.350|11.69]14.03 |16.36|18.70|21-04|23.38]25.71/28.05/30.39/32.73 35.06/37.40 
114 |2.391/4.781|7.172|9.563|11-95|14-34|16.73 |19-13|21.52|23.91|26.30/28.69]3 1.08/33.47 35.86/38.25 
11k |2.444|4.888]7.331/9.775|12.22|14.66]17.11/19.55|21.99|24.44 26.88) 29.33|31-77|34-21|36.66/39.10 
113 |2.497/4.994|7-491|9.988|12.48|14.98|17.48|19.98|22.47|24.97|27-47|29.96|32.46|34.96|37-45|39-95 
12. |2.550|5.100|7.650|10.20|12.75]15.30]17.85|20.40|22.95|25.50 28.05|30.60 33-15|35-70|38.25|40.80 


te 


“t 


ts 


TABLE 2.—Continued. 


WEIGHTS OF STEEL BARS AND PLATES. 


PounpDs PER LINEAL Foot. 


i 


Thickness, Inches. 


vs 


5 


8.08 
8.29 
8.50 


8.71 
8.93 
9.14 
9:35 


9.56 
9.78 
9.99 
10.20 


10.63 
11.05 
11.48 
11.90 


12.33 
12.75 
13.18 
13.60 


14.03 
14-45 
14.88 
15.30 
15.73 
16.15 
16.58 
17.00 
17.43 
317.85 
18.28 
18.70 


19.13 


19.55 
19.98 
20.40 


7-97 
8.29 
8.61 


8.93 


9-24 
9.56 
9.88 
10.20 


10.52 
10.84. 
11.16 


65/11.48 


11.79 
12.11 
12.43 
12.75 


13.07 
13.39 
13.71 
14.03 


14.34 
14.66 
14.98 
15.30 


15.94 
16.58 
17.21 


17.85 


18.49 
19.13 
19.76 
20.40 
21.04 
21.68 
22.30 
22.95 
23-59 
24.23 
24.86 
25.50) 
26.14 
26.78 
27.41 
28.05 
28.69 
29.33 
29.96 


10.63 
11.05 
11.48 
11.90 


12.33 
12.75 
13.18 
13.60 


14.03 
14-45 
14.88 
15.30 


15.73 
16.15 
16.58 
17.00 


17.43 
17.85 
18.28 
18.70 


19.13 
19 55 
19.98 
20:40 


21.25 
22.10 


22.95 
23.80 


24.65 
25.50 
26.35 
27.20 


28.05 
28.90 
29-75 
30.60 


31.45 
32.30 
33-15 
34.00 


34-85 
35-70 
36.55 
37-40 
38.25 
39-10 
39.95 


30.60 


40.80 


13.28 
13.81 
14.34 
14.88 


15.41 
15.94 
16.47 
17.00 


17.53 
18.06 
18.59 
19.13 


19.66 
20.19 
20.72 
21.25 


21.78 
22.31 
22.84 
23.38 


23.91 
24.44 
24.97 
25.50 


26 56 
27.63 
28.69 
29-75 


30.81 
31.88 
32 94 
34.00 
35.06 
36.13 


37-19 
38.25 


39-31 
40.38 
41.44 
42.50 
43.56 
44.63 
45-69 
46.75 
47.81 
48.88 
49.94 


51.00 


15.94 
16.58 
17.21 


17.85 


18.49 
19.13 
19.76 
20.40 


21.04 
21.68 
22.31 
22.95 


23.59 
24.23 
24.86 
25.50 


26.14 
26.78 
27.41 
28.05 


28.69 
29.33 
29.96 
30.60 


31.88 
33-15 
34-43 
35-70 


36.98 
38.25 


39-53 
40.80 


42.08 
43-35 
44.63 
45.90 


47.18 
48.45 
49-73 
51.00 


52.28 
53-55 


54.83 
56.10 


57-38 
58.65 


59-93 
1.20 


18.59 
19.34 
20.08 
20.83 


21.5% 
22.31 
23.06 
23.80 


34.54 
25.29 
26.03 
26.78 


27.52 
28.26 
29.01 
29-75 


30.49 
31.24 
31.98 
32-73 


33-47 
34.21 
34.96 
35-70 


37-19 
38.68 
40.16 


41.65 


43-14 
44.63 
46.11 
47.60 


49.09 
50.58 
52.06 
53-55 


55.04 


56.53|64, 


58.01 
59-50 
60.99 
62.48 
63.96 
65.45 
66.94 
68.43 
69.91 
71.40) 


26.56 
27.63 
28.69 
29-75 
30.81 
31.88 
32-94 


60/34.00 


35.06 
36.13 
37-19 
38.25 


39-31 
40.38 
4T-44 
42.50 


43-56 
44.63 
45.69 
46.75 


47.81 
48.88 
49.94 
51.00 


53-13 
55-25 
57.38 
59.50 


61.63 
63.75 
65.88 
68.00 


70.13 
(PROS 
74-38 
76.50 
78.63 
80.75 
82.88 
85.00 


87.13 
89.25 


91.38} 100.5 
93-50|102.9 


95.63|105.2 
97-75|107-5 
99.88} 109.9 
102.0/112.2 


95.8 


63.1 
65.5 


67.8 
70.1 
72-5 
74.8 
aire 
79-5 
81.8 
84.2 
86.5 
88.8 
gl.2 
93-5 


98.2 


TABLE 2.—Continued. 
WEIGHTS OF STEEL BARS AND PLATES. 


Pounps PER LINEAL Foor. 


Thickness, Inches. 


Widte. 
ari Se ot teh ee te Ravleede le tales 


49 i : : ; : .5| 72.9] 83.3] 93-7|104-1/114.5]125.0]135.4/145.8/156 2 
74.4| 85.0| 95.6|100.3|116.9|127.5 .1/148.8]159.4 
75.9| 86.7) 97.5|108.4|119.2/130.1 .Q|151.7/162.6 
77.4} 88.4] 99.5|110.5|121.6|132.6]143.7|154.7|165.8 
78.8] 90.1/101.4|112.6| 123.9|135.2|146.4/157-7|168.9 
80.3] - 91.8] 103.3] 114.8] 126.2)137-7 160.7|172.1 
81.8] 93.5|105.2|116.9| 128.6) 140.3 -9|163.6)175.3 
83.3] 95-2|107.1|119.0|130.9|142.8 -7|166.6|178.5 
84.8] 96.9|109.0|121.1]133.2|145.4|157.5|169.6|181.7 
86.3| 98.6|110.9|123.3|135-6|147-9|160.2/172.6|184.9 
87.8]100.3]112.8)125.4/137-9]150.5 .0!175.5|188.1 
89.3|102.0]114.8}127.5|140.3]153-0 -8|178.5|191.3 
90.7|103.7|116.7|129.6] 142.6/155-6/168.5|181.5]194.4 
92.2|105.4|118.6/131.8|144.9|158.1 .3|184 5|197:6 
93-7|107.1|120.5|133.9|147.3|160.7]174.0)187.4|200.8 
95.2|108.8/122.4|136.0]149.6 163.2 .8}190 4/204.0 
96.7|110.5|124.3|138.1]151.9]165.8)179.6/193.4|207.2 
98.2|112.2|126.2|140.3|154.3|168.3 .3|196.4|210.4. 
99.7|113.9|128.1|142.4|156.6|170.9|185.1|199.3 213.6 

101.2|115.6|130.1|144.5]159.0|173.4|187.9|202.3|216.8 

102.6|117.3]132.0|146.6| 161.3 |176.0]190.6|205.3/219.9 

.3|104.1|119.0]133.9|148.8) 163.6)178.5 .4|208.3/223.1 

.5|105.6/120.7|135.8|150.9| 166.0/181.1 .1/211.2|226.3 

.8|107.1]122.4]137-7|153-0| 168.3]183.6/198.9]214.2]229.5 

.1/108.6]124.1/139.6|155.1|170.6|186 2|201.7|217.2|232.7 

110.1]125.8]141.5|157-3|173-0|188.7 .4|220.2|235-9 

I11.6]127.5|143 4|159-4|175.3|191-3|207.2|/223.1|239.1 

113.1|129.2|145-4|161.5|177-7|193-8|210.0/226.1|242.3 |2 

114.5]130.9|147.3|163.6] 180.0|196.4 .7|229.1|245.4 

.5|/116.0|132.6]149.2|165.8|182.3|198.9]215.5|232.1/248. 6 

117.5]134.3|151.1|167.9|184.7|/201.5 .2|235.0/251.8 

.0|119.0|136.0|153.0|170.0| 187.0]204.0|221.0|238.0]255.0 

13/120 5|137.7|154.9|172-1| 189.3|206.6|223.8/241.0/258.2 

.6|122.0/139.4|156.8]174.3 | 191.7|209.1|226.5|244.0/261.4 

.8|123.5|141.1|158.7|176.4|194.0|211.7|229.3|246.9|264.6|282. 

.1|125.0|142.8|160.7/178.5|196 4/214.2|232.1|249.9|267.8 285.6 

126.4|144.5|162.6|180.6| 198.7|216.8]234.8)252.9)270 9/289.0 

-7|127.9|146.2|164.5|/182.8|201.0/219.3 .6|255.9|274.1|292.4 

129.4|147.9|166.4|184.9|203.4]221.9|240.3|258.8]277.3|295.8 

.2|130.9|149.6|168.3/187.0]205.7|224.4|243. 261.8|280.5 |299.2 

.5]132.4|151.3|170.2/189.1|208.0|227.0/245 « 264.8|283.7|302.6 

.8]133.9|153.0|172-1|/191.3|210.4/229.5 .6|267.8|286.9|306.0 

.0/135.4|154.71174.0|193.4!212.7|23 2.1125 1.4)270.7|290.1 309.4 

136.9|156.4|176.0|195.5|215.1|234.6 273.7|293-3|312.8 

.6|138.3|158.1|177.9|197-6|217.4|237-2|256.9|276.7/296.4)316.2 

.9|139.8|159.8|179.8]199.8|219.7|239-7|259-7|279-7|299-6 319.6 

I41.3|161.5|181.7|201.9]222.1|242.3|262.4|282.6/302.8)323.0 

142.8|163.2|183.6]204.0|224.4|244.8|265.2|285.6|306.0|326.4 

144.3|164.9|185.5|206.1|226.7/247 4|268.0|288.6)309.2|329.8 

.0|145.8]166.6|187 4|208.3]229.1|249.9|270.7|291.6|3 12.41333.2 

.2|147.3|168.3|189.3|210.4|23 1.4|252.5|273-5|294.5|315.6 336.6 

148.8]170.0| 191 3/212.5|233.8|255.0)276.3|297.5 318.8)340.0 


TABLE 3. 


Moments oF INERTIA OF PLATES, AXiS I-I. 


Moments of Inertia 
of One Plate. 


Thickness of Plate in Inches. 


B 


7.2 
12.4 
19.6 
29.3 
41.8 


57-3 
76.3 
99.0 

125.9 

EG 72) 


193.4 
234-7 
281.5 
334-1 
393-0 


458.3 
530.6 
610.0 
697.1 
792.0 


895.2 
1007.0 
1127.7 
1257.7 
1397-3 


3 |1546.9 
1086.1 ‘ 6 |1706.8 
1194.7 : -7 1877.3 
1310.2 : -7 |2058.9 
1228.2 |1433.0 : .I /2251.8 


1339.8 |1563.2 ; : «1 |2456.4 
1458.0 |1701.0 i .0 |2673.0 
1582.9 |1846.7 ; .2 |2902.0 
1714.7 |2000.5 ; 9 |3143-7 
1853.7 |2162.7 : 5 13398.5 


2000.0 |2333-3 ; -3 |3666.7 
1794.8 |2153.8 |2512.7 : 6 13948.6 
1929.4 |2315.3 |2701.1 : 8 4244.6 
2070.5 |2484.6 |2898.7 : 0 /4555.0 


z 


7.8 
13.5 
21.4 
32.0 


45.6 


62.5 
83.2 
108.0 
137-3 
171.5 


210.9 
256.0 
307.1 
364.5 
428.7 


500.0 
578.8 
665.5 
760.4 
864.0 


976.6 
1098.5 
1230.2 
1372.0 


1524.3 


1687.5 
1861.9 
2048.0 
2246.1 


2456.5 


2679.7 
2916.0 
3165.8 
3429.5 
3797-4 


4000.0 
4307.6 
4630.5 
4969.2 


2218.3 |2662.0 |3 105.7 |3549.3 -7 |4880.3 


15 


5324.0 


67.7 
90.1 
117.0 
148.8 
185.8 


228.5 
277-3 
332.7 
394-9 
464.4 


541.7 
627.0 
721.0 
823.8 
936.0 


1057.9 
1190.0 
1332.7 
1486.3 
1651.3 


1828.1 
2017.1 
2218.7 


2433.2 
2661.2 


2903.0 
3159.0 
3429.6 
3715.3 
4016.4 


4333-3 
4666.5 


5016.4 
5383.3 


5767.7 


& 


9.1 
15.8 
25.0 
37:3 
53-2 


72.9 
97.9 
126.0 
160.2 
200.1 


246.1 
298.7 
358.2 
425.3 
500.1 


583.3 
675.3 
776-4 
887.2 
1008.0 


1139.3 
1281.6 
1435.2 
1600.7 


1778.4 


1968.8 
2172.3 
2389.3 
2620.4 
2865.9 


3126.3 
3402.0 
3693-4 
4001.1 
4325-3 


4666.7 
5025.5 
5402.3 
5797-4 


6211.3 


1220.7 
1373-1 
1537-7 
1715.0 
1905.4 


2109.4. 
2327.4 
2560.0 
2807.6 
3070.6 


3349.6 
3645.0 
3957-3 
4286.9 
4634.3 


5000.0 
5384.5 
5788.2 
6211.5 


6655.0 


I 


10.4 
18.0 
28.6 
42.7 
60.7 


83.3 
110.9 
144.0 
183.1 
228.7 


281.2 
341.3 
409.4 
486.0 
571.6 


666.7 
771.7 
887.3 

1013.9 

1152.0 


1302.1 
1464.7 
1640.3 
1829.3 
2032.4 


2250.0 
2482.6 
2730.7 
2994.8 
3275.3 


3572-9 
3888.0 


4221.1 
4572-7 
4943.2 


5333-3 


5743-4 
6174.0 
6625.6 


7098.7 


TABLE 3.— Continued. 


Moments oF INERTIA OF PLATES, AXIS I-I. 


Moments of Inertia 
of One Plate. 


Thickness of Plate in Inches. 


Width in 


g 2 % 
4746 5695 6645 
5070 6083 7097 
5407 6489 7570 
5760 6912 8064. 
6128 7353 8579 


6510 7812 QIIs 
7323 8788 10253 
8201 9841 11482 
9147 10976 12805 
10162 12194. 14227 


11250 13500 15750 
12413 14895 17378 
13653 16384 I9IIS 
14974 17968 20963 
16377 19652 22927 


17865 21437 25010 
19440 23328 27216 
21105 25326 29548 
22863 27436 32009 
24716 29659 34603 


26667 32000 37333] ° 
28717 34460 40204 
30870 37044 43218 
33128 39753 46379 
35493 42592 49691 


37969 45562 53156 
40557 480668 56779| 60 
43260 SIgII 60563 
46080 55296 64512 
49020 58824 68629 


52083 62500 72917 
55271 66325 77380 
58587 70304. 82021 
62032 | 74.438 86845 
65610 78732 g1854 


69323 83187 97052} 103984) 110917 
73173 87808 102443|109760|117077 
77164. 92596 108029 115746|123462 
81297 97556 113815 121945130075 
85575 102689 119804/128362|136919 
g0000 108000 126000] 135000} 144.000 


f Inerti 
ee Rua Pini 2 0/0 a perp 
Width THICKNESS OF PLATE IN INCHES. 
Li 
aches, 
' t ts 3 ve t te $ pe i 8 t 
5 OI | .or 02 03 05 07 -10 14 18 22 28 
6 OI | .02 03 04 06 09 Ez 16 21 27 33 
7 Or") .02 03 05 07 10 14 19 25 31 39 
8 OI | .02 04 06 08 12 -16 22 28 36 45 
9 Or || .02 04 06 09 3 .18 24 32 40 50 
10 OI | .03 04. 07 10 Is 20 27 35 45 56 
Ir OI | .03 05 08 II 16 22 +30 39 49 61 
12 02 | .03 05 08 13 18 24. +33 42 54 67 
13 02 | .03 06 09 14 19 26 35 46 58 73 
14 02} .04 06 5) 15 21 28 38 49 63 78 
15 02 | .04 07 10 16 22 31 41 53 67 84 
16 02 | .04 07 II 17 24 33 43 56 72 89 
17 02 | .04 07 12 18 25 35 46 60 76 95 
18 02} .05 08 13 19 27 37 49 63 80 | 1.00 
19 (2) |} .08 08 13 20 28 39 Ast 67 85 | 1.06 
20 Of) 51.08 09 14 21 30 41 54 70 89 | 1.12 
21 03 | .05 09 15 22 31 43 57 74 94 | 1.17 
22 03 | .06 fe) 15 23 He 45 60 77 98 | 1.23 
23 03 | .06 fe) 16 24 34 47 62 81 | 1.03 | 1.28 
24 03 | .06 II 17 25 36 49 65 84 | 1.07 | 1.34 
25 03 | .06 II 17 26 37 As 68 88 | 1.12 | 1.40 
26 03 | .07 II 18 27 39 53 -70 OF) 1.16. | tas 
27 04 | .07 12 19 28 40 55 -73 95 | 1.21 | 1.51 
28. | .04 | .07 12 20 29 42 57 -76 98 | 1.25 | 1.56 
29 04 | .07 13 20 30 43 59 -79 | 1.02 | 1.30 | 1.62 
30 04 | .08 13 21 31 44 61 SOF pe T.05.)|) 1.34. |. 1:67, 
32 04 | .08 14 22 33 47 65 287 gl 1-12) |} 60.43, Is I-79 
34 04 || .o9 Ts 24, 35 50 .69 92, | 1.20.]! 1.52 || 1.90 
36 | .05 |! .o9 16 25 38 53 73 98 | 1.27 | 1.61 | 2.01 
38 05 || 10 17 27 40 56 STW 8:03 =| 134 1.70: | 2.72 
40 05 | .I0 18 28 42 59 81 | 1.08 | 1.41 | 1.79 | 2.23 
42 Ci Ge 18 29 44 62 85 | 1.14 | 1.48 | 1.88 | 2.34 
44 06 | .11 19 31 46 65 90 | 1.19 | 1.55 | 1.97 | 2.46 
46 06 | .12 20 32 48 68 94 | 1.25: | 1.62-| 2.06 | 2.57 
48 06 | .12 21 33 50 71 -98 | 1.30 | 1.69 | 2.15 | 2.68 
50 O07) 7213 22 35 52 74.) 2.02 11.35 | 1.76) | 223 | 2.79 
52 O77 )|) FaxG 23 36 54 77 | 1,05 | 1.40 || 1.82) |2.32-| 12.00 
54 O7 |. .14 24 38 56 80 1.10 | 1.46 | 1.90 | 2.41 | 3.01 
56° | 08 | .14 25 39 58 83 1.14 | 1.52 | 1.96 | 2.50 | 3.13 
58 o8 | .I5 25 41 60 86 1.18 | 1.57 | 2.04 | 2.59 | 3.24 
60 08 | .15 26 42 63 89 | 1.22 | 1.63 | 2.11 | 2.68 | 3.35 


TABLE 4, 


Moments or INERTIA OF PLATES, Axis 2-2, 


TABLE 5. 
Moments oF INERTIA OF Two PLATES One INcH Wine, Axis X—X. 


t 
Moments of Inertia es For Distances 
of Two Plates x. 5 d Measured 
H 
' 


One Inch Wide, from 
Axis X-X. Inside to Inside 


Thickness of Plate in Inches. 


3 
Bo 


a ts § ik = ges ii 8 I 3 


ae 
oe 
he 


7.6 | 8.7 | 99 | 11.2 | 12.5 13.8| 15.2 | 16.6] 18.2] 1.6 


5 3-4 | 44 | 5-4 i) 
vai leche Zsa hats) 1 | 8.3 | 9-5 | 10.8 | 12.2 | 13.6] 15.0 16.5 | 18.1] 19.7) 1.8 
Beall Zeiss ||) atchis 7 | 9.0 | 10.4 | 11.8 | 13.2 | 14.7 16.3 | 17.9| 19-6] 21.3] 2.0 
Re eAese || ober. We oO) 4.| 9.8 | 11.2 | 12-7 | 14.3 | 15-9 17.6| 19.3] 21.1 | 22.9) 2.2 
6 4.9 | 6.2 6 | 10.6 | 12.1 | 13.8 | 15.4. | 17-2] 18.9| 20.7] 22.7 | 24.7 | 2.3 
64| 5.3 | 6.7 | 8.2 8 | 11.4 | 13.1 | 14.8 | 16.6 | 18.5 | 20.4) 22.3 | 24.4 26.5 | 2.5 
63| 5.7| 7.3 | 89 12.3 | 14.1 | 15.9 | 17-8 | .19.8| 21.8] 23.9 26.1 | 28.3 | 2.7 
63) 62} 7-8) 9-5 13.2 | 15.1 | 17.0 | 19.1 | 21.2] 23.3 | 25-5 27.8 | 30.3 | 3.0 
iif 6.6 | 8.4 | 10.2 14.1 | 16.1 | 18.2 | 20.4 | 22.6 '24.9| 27.2 | 29.7 | 32.2 | 3-2 
7| 7.0| 8.9 | 10.9 15.0 | 17-2 | 19.4 | 21.7 | 24.1| 26.5] 29.0 33,6 | 34.2%] 3x4 
TAN 78h) 19.5 arr-0 16.0 | 18.3 | 20.7 | 23.1 | 25.6] 28.2| 30.8.) 33-5 36.3 | 3.6 
72| 8.0 | 10.2 | 12.4 17.0 | 19.5 | 22.0 | 24.5 | 27.2| 29.9] 32-7) 35-5 38.4 | 3.9 
8 8.5 | 10.8 | 13.2 18.1 | 20.6 | 23.3 | 26.0 | 28.8] 31.6] 34.6 37.6 | 40.7 | 4-5 
81] 9.0 | 11.5 | 14.0 19.2 | 21.9 | 24.7 | 27-5 | 30-5| 33-5 36.5 | 39:7] 43.0] 4-4 
83| 9.6 | 12.1 | 14.8 20.3 | 23.1 | 26.1 | 29.1 | 32.2] 35-3 38.6 | 41.9 | °45-3 | 4-6 
82| 10.1 | 12.8 | 15.6 21.4 | 24.4 | 27.5 | 30-7 | 33-9] 37-2 40.6 | 44.1 | 47-7| 49 
g | 10.7 | 13.6 | 16.5 22.6 | 25.7 | 29.0 | 32.3 | 35-7| 39-2] 42.8 46.4.| 50.2 | 5.2 
94 11.3 | 14.3 | 7.4 23.8 | 27.1 | 30.5 | 34.0 37.6| 41.2| 45.0) 48.8] 52.7} 5.5 
93 I1.9 | 15.0 | 18.3 26.0 | 28.5 | 32.1 | 35-7 | 39-5| 43-3] 47-2 B12 | 55.3 | 5.8 
92| 12.5 | 15.8 | 19.2 26.3 | 29.9 | 33-7 | 37-5 | 41-4] 45-4] 49-5 | 53-7) 57-9 6.1 
10 | 13.1 | 16.6 | 20.2 27.6 | 31-4 | 35-3 | 39-3 | 43-4 47.6| 51-9} 56.2 | 60.7 | 6.4 


ais 

6 

7 

7 

8 

i) 

9.8 

10.5 

Te 

12.1 

12.9 

13.8 

14.7 

15.6 

16.5 

17.5 

18.5 

19.5 

20.5 

21.6 

2207 

23.8 

25.0 | 28.9 | 32-9 | 37-0 | 41-2 | 45-5 49.8| 54.3 | 58-8} 63.5 6.7 
2 : 2 | 26.2 | 30.3 | 34.5 | 38-7 | 43-1 | 47-5] 52-1 56.7 | 61.5-| 66.3 | 7.1 
10o3| 15.1 | 19.1 | 23.2 | 27-4 | 31.7 36.0 | 40.5 | 45.0 | 49-7] 54.4] 59-2 64.2 | 69.2} 7-4 

28.6 | 33.1 | 37-6 | 42.3 | 47-0 | 51.9 56.8] 61.8] 66.9 | 72.2) 7.7 

29.9 | 34-5 | 39-3 | 44-1 | 49.0 | 54-1] 59-2| 64-4 | 69.8) 75.2| 8. 

BT.2) 

32.5 

33-9 

35.2 

36.6 

38.1 

39-5 

41.0 

42.5 

44.0 

45.6 

47:2 

48.8 

50.5 

52.1 

53-9 

55 


8.1 
36.0 | 40.9 | 46.0 | 51.1 | 56.4] 61.7 67.1 || 72:7 | 78.3 | 8:4 
37-5 | 42.7 | 47.9 | 53.2 | 58.7 64.2] 69.8] 75.6] 81.4] 8.8 
39.1 | 44.2 | 49.8 | 55-4 | 61.0 66.8] 72.6] 76.8) 84.7 |. 9.2 
40.7 | 46.2 | 51.8 | 57.6 | 63.5 69.4| 75.5 | 81.7 | 88.0} 9.6 
42.3 | 48.0 | 53.9 | 59.8 65.9| 72-1] 78-4 | 84.8] 91.3 | 10.0 
43-9 | 49-9 | 55-9 | 62.1 | 68.4 74.8| 81.3 | 88.0] 94.7 | 10.4 
45.6 | 51.8 | 58.1 | 64.5 | 71-0 77.6| 84.3 | 91.2 | 98.2 | 10.8 
47:3 | 53-7 | 60.2 | 66.8 | 73.6) 80.4 87.4] 94.5 | 1O%.7 | 11.2 
49.0 | 55.6 | 62.4 | 69.3 | 76.2 83.3 | 90-5 | 97-8 | 105.3 | 11.6 
50.8 | 57.6 | 64.6 | 71.7 | 78.9 86.2 | 93.7 | 101.3 | 108.9 | 12.0 
52.6 | 59.7 | 66.9 | 74.2 | 81.7] 89.2 96.9 | 104.7 | 112.7 | 12.5 
54.4 | 61.7 | 69.2 | 76.8 | 84.5} 92-3 | 100.2 108.3 | 116.5 | 12.9 
56.3 | 63-8 | 71-5 | 79-4 | 87:3] 95-3 | 103-5 III.9 | 120.3 | 13.4 
58.2 | 66.0 | 73.9 | 82.0 | 90.2 98.4 | 106.9 | 115.5 | 124.2 | 13.8 
60.1 | 68.1 | 76.3 | 84.7 | .93-1 | 101-7 | 110.4 | 119.2 128.2 | 14.3 
62'0 | 70.4 | 78.8 | 87.4 96.1 | 104.9 | 113-9 | 123.0 | 132.2 14.8 
31.0 | 39-1 | 47.3 6 | 64.0 | 72.6 | 81.3 | 90.1 | 99-1 108.2 | 117.4 | 126.8 | 136.3 + 15.3 
32.0 | 40.3 | 48.7 | 57.3 | 66.0 | 74.9 | 83.8 | 92-9 | 102.2 | TITS 121.0 | 130.7 | 140.4 | 15-7 


For Moment uf Inertia, deducting for rivet holes, multiply tabular value by net width. 


ee 


TABLE 5.— Continued. 
MomEntTs oF INERTIA oF Two PLates OnE INCH WipE, Axis X-X. 


For Distances 


H 
Moments of Inertia eet 
a_.—_- d M 
easured 
' 


of Two Plates 
One Inch Wide, 
Axis X-X, 


from 
Inside to Inside. 


Thickness of Plate in Inches. 
Ps . Ss ts is i 8 g 1 I 3 


16 | 33.0] 41.6'| 50.2] 59.1) 68.1] 77.2] 86.4) 95.8] 105.3] 114.9] 124.7 134.6| 144.7| 16.2 
162 .34.0] 42.9] 51.8] 60.9| 70.2] 79.5} 89.0] 98.7) 108.5] 118.4] 128.4| 138.6| 149.0| 16.8 
167] 35-1] 44.2| 53.4] 62.8] 72.3] 81.9] 91.7) 101.6] 111.7] 121.9 132.2 | 142.7] 153-3 |) 17.3 
163| 36.1] 45.5] 55.0] 64.6| 74.4] 84.3| 94.4] 104.6] 114.9] 125.4 136.0] 146.8] 157.7| 17.8 
187] 42.8) 53.9] 65.1] 76.4] 87.9] 99.6] 111.4] 123.3] 135.5] 147.7| 160.1| 172.7| 185.5 | 21-1 
183| 43.9] 55.3] 66.8] 78.5] 90.3 | 102.2) 114.3] 126.6] 139.0] 151.6 164.3 | 177.2| 190.3 | 21-7 
207| 52.5] 66.1] 79.8| 93.6| 107.7] 121.9| 136.2] 150.8] 165.5] 180.3 195.4] 210.6| 226.0] 26.0 
203| 53.8] 67.7] 81.7] 95.9] 110.3 | 124.8 | 139-5| 154.4| 169.4) 184.6] 200.0| 215.6| 231.3| 26.6 
22%| 63.3] 79.6| 96.0] 112.6} 129.4 | 146.4} 163.6] 180.9} 198.5} 216.2! 234.1) 252.2 270.5 | 31.3 
223| 64.7) 81.3] 98.1] 115.1 | 132.3 | 149.6] 167.2] 184.9] 202.8] 220.9] 239.2| 257.6 276.3 | 32.0 
244| 75.0| 94.3 | 113.7 | 133-3 | 153.2 | 173.2 | 193.4] 213.8] 234.5] 265.3] 276.3 297.5 | 319.0| 37-1 
242 | 76.6| 96.2 | 116.0 | 136.0 | 156.3 | 176.7 | 197.3| 218.1] 239.2} 260.4) 281.8 303-5 | 325.3 | 37-9 
264| 87.8 | 110.3 | 132.9 | 155.8 | 178.9 | 202.2 | 225.8] 249.5] 273.5] 297.6 322.0] 346.6] 371.5] 43-5 
263 | 89.4 | 112.3 | 135.4 | 158.7 | 182.3 | 206.0] 230.0] 254.1 278.5] 303-1) 328.0] 353.0| 378.3] 44.3 
28% | 101.5 | 127.5 | 153.7 | 180.0 | 206.7 | 233.5 | 260.6] 287.9 315.5] 343-2] 371.2] 399.5| 428.0] 50.3 
283 | 103.3 | 129.7 | 156.3 | 183.2 | 210.3 | 237.6] 265.1) 292.9] 320.9] 349.2] 377.6| 406.3 435-3.| 51-2 
30z | 116.3 | 146.0] 175.9 | 206.0 | 236.4 | 267.1] 297.9] 329.1 360.5] 392.1] 424.0] 456.1] 488.5| 57-7 
303 | 118.2 | 148.4 | 178.7 | 209.4 | 240.3 | 271 4| 302.8] 334.4] 366.3] 398.4] 430.8] 463.4 496.3 | 58.6 
324 | 132.0 | 165.7 | 199.6 | 233.8 | 268.2 | 302.8 | 337-8] 373.0] 408.5] 444.2] 480.2| 516.4] 553.0] 65.5 
323 | 134.1 | 168.2 | 202.7 | 237.3 | 272.3 | 307-5 | 342-9] 378.7] 414.7] 450.9] 487.4 524.2] 561.3 66.5 
344 | 148.8 | 186.7 | 224.0 | 263.2 | 301.9 | 340.9} 380.1] 419.6 459.5] 499-5] 539.9] 580.5] 621.5) 73-9 
342 | 150.9 | 189.4 | 228.1 | 267.0 | 306.3 | 345.8) 385.6) 425.7| 466.0] 506.7] 547.6| 588.8] 630.3| 74-9 
36% | 166.5 | 208.9 | 251.5 | 294.5 | 337-7 | 381.2 | 425.0] 469.1 513.5} 558.1} 603.1] 648.3 | 694.0| 82.7 
363 | 168.8 | 211.7 | 255.0 | 298.5 | 342.3 | 386.4 | 430.7| 475.4] 520.4] 565.7 611.2] 657.1] 703.3| 83.8 
38% | 185.3 | 232.4 | 279.7 | 327.4 | 375.4 | 423.7] 472.3 521.2] 570.5] 620.0] 669.8] 720.0] 770.5 | 92.0 
383 | 187.7 | 235.4 | 283.4 | 331.7 | 380.3 | 429.2] 478.4 527.9| 577-8] 627.9] 678.4 729.2} 780.3| 93-2 
40% | 205.0 | 257.1 | 309.5 | 362.2 | 415.2 | 468.5 | 522.2 576.1) 630.5] 685.1} 740.1] 795.3 | 851.0 |10I.9 
403 | 207.6 | 260.3 | 313.3 | 366.6 | 420.3 | 474.3 | 528.6] 583.2] 638.2 693-4] 749.1} 805.0] 861.3 |103.1 
424 | 225.8 | 283.1 | 340.7 | 398.6 | 456.9 | 515.5 | 574.5) 633.8] 693.5] 753.4] 813.8| 874.4| 935.5 |112.2 
423 | 228.4 | 286.4 | 344.7 | 403.3 | 462.3 | 521.6] 581.2 641.2] 701.5} 762.2} 823.2] 884.6] 946.3 |113.6 
4 | 247-5 | 310.3 | 373.4 | 436.9 | 500.7 | 564.8] 629.4) 694.2] 759.5] 825.0) 891.0] 957.3 |1024.0 |123-1 
443 | 250.3 | 313.8 | 377.6 | 441.7 | 506.3 | 571.1 | 636.4) 702.0] 767.9] 834.2| 900.9| 967.9 |1035.3 |124.6 
46% | 270.3 | 338.8 | 407.6 | 476.8 | 546.4 | 616.4 | 686.7 757-4| 828.5| 899.9) 971.7 |1043.9 |1116.5 |134-4 
463 | 273.2 | 342.4 | 412.0 | 481.9 | 552.3 | 623.0| 694.0] 76s.5| 837.3 909.5} 982.0 |1055.0 |1128.3 |135-9 
48% 294.0 | 368.5 | 443.4 | 518.6 | 594.2 | 670.2 | 746.5] 823.3] 900.5] 978.0|1055.9 1134.3 |1213.0 146.3 
483 | 297-1 | 372.3 | 447-9 | 523.9 | 600.3 | 677.0] 754.2 831.7| 909.7| 988.0)1066.7 |1145.8 |1225.3 |147.8 
50% | 318.8 | 399.5 | 480.6 | 562.0 | 643.9 | 726.2 808.9} 892.0] 975.5/1059.4|1143.6 |1228.4 |1313.5 |158.6 
503 | 321-9 | 403.4 | 485.3 | 567.6 | 650.3 | 733.4| 816.8 900.7} 985.0)1069.7|1154.8 |1240.4 |1326.3 |160.2 
524 | 344-5 | 431-7 | 519.3 | 607.3 | 695.7 | 784.5 | 873.7] 963.4|1053.5|1144.0/1234.9 |1326.2 |1418.0 |171.5 
522 | 347-8 | 435.8 | 524.2 | 613.0 | 702.3 | 791.9 | 882.0] 972.5/ 1063.4 1154.7|1246.5 |1338.7 |1431.3 |173.1 
542 371-3 | 465.2 | 559.5 | 654.3 | 749.4 | 845.0] 941.1|1037.5|1134.5|1231.8|1329.6 |1427.8 1526.5 |184.8 
543 374-7 | 469.4 | 564.6 | 660.2 | 756.3 | 852.7] 949.7|1047.0/1144.8/1243.0 1341.7 |1440.8 |1540.3 |186,5 

4 | 399-0 | 499.9 | 601.2 | 703.0 | 805.2 | 907.8 IOIO.9/1114.5|1218.5/1322.9) 1427.8 |1533.2 |1639.0 |198.6 
563 | 402.6 | 504.3 | 606.5 | 709.2 | 812.3 | 915.8 |1019.8 1124.311229.2!1334.511440.3 |1546.6 |1653.3 |200.4 


For Moment of Inertia, deducting for rivet holes, multiply tabular value by net width. 
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: TABLE 5.— Continued. 
Moments oF INERTIA OF Two PLates ONE INcH WIDE, Axis X-X. 


) 


| 
’ 


For Distances 
Measured 
from 
Inside to Inside. 


Moments of Inertia 
of Two Plates 
One Inch Wide, 

Axis X-X, 


ow oo a= s=== 


Thickness of Plate in Inches. 


be ae A pee, ola de bie eee ree 
427.8) 535-9) 644.4} 753-5 862.9} 972.9|1083-3|1194.1]1305.5|1417-3|1529.5 |1642.3 |1755.5 213.0] 
431.4| 540.5] 649.9] 759-9] 870.3) 981.1]1092.5|1204.3 1316.5|1429.3|1542.5 |1656.1 |1770.3 |214.8 
427.5| 573-1| 689.2] 805.7] 922.7|/1040.1 1158.1/1276.5|1395.5|1514.9|1634.7 |1755-1 |1876.0 |227.8 
461.3) 577-8| 694.8] 812.3] 930.3/1048.7 1167.6|1287.0|1406.9|1527.3|1648.1 |1769.5 |1891.3 |229.7 


488.3| 611.6 735-4) 859.7| 984-4|1109.7]1235.4|1361.7|1488.5|1615.7|1743.5 |1871.7 |2000.§ |243.2 
492.2| 616.5) 741.2) 866.5} 992.3 1118.5/1245.3|1372-5|1500.3|1628.5|1757.3 |1886.5 |2016.3 |245.1 
“620,0| 651.3) 783.1] 915.4 1048.2|/1181.5 1315.3 1449.6|1584.5/1719.8|1855.7 |1992.1 |2129.0 |259.0 
524.1| 656.4) 789.1] 922.4|1056.3 1190.6|1325.4| 1460.8] 1596.7|1733.0| 1869.9 |2007.4 |2145.2 |261.0 


661] 552.8} 692.3) 832.3] 972-9/1113.9|1255.5 1397-6|1540.3|1683.5|1827.2|1971.4 |2116.2 |2261.5 |275.4 
664) 556.9] 697.5| 838.6] 980.1|1122.3 1264.9|1408.1)/1551.8)1696.0)1840.8 1986.1 |2131.9 |2278.3 |277.4 
684 286.5| 734-5| 883.0\1032.1|1181.7|1331.8)1482.5|1633-7|1785.5|1937-8|2090.6 |2244.0 |2398.0 |292.2 
684| 590.8) 739.9] 889.5|1039-6/1190.3|1341.5|1493.2|1 45-6|1798.4|1951.8)2105.7 |2260.2 |2415.3 |294.3 


70%| 621.3) 778.0} 935-3|/1093-1|1251.4/1410.3 1569.8|1729.9|1890.5]2051.6|2213.3 |2375.6 |2538.5 |309.6 
703| 625.7| 783-5| 941-9|1100.8]1260.3]1420.3}1580.9] 1742.1 1903.8|2066.1|2228.9 |2392.3 |2556.3 |311.7 
724| 657.0| 822.8] 989.0)1155.8|1323.2|1491-1|1659.7 1828.8|1998.5|2168.7|2339.6 |2511.0 2683.0 |327.4 
72%| 661.6| 828.4] 995-8)1163.7|1332.3| 1501.4 1671.1|1841.3|2012.2|2183.6]2355.5 |2528.1 |2701.3 |329.6 


743| 698.4) 874.5|1051.2|1228.4|1406.3|1584.7|1763.7|1943.3|2123.5/2304.3 2485.7 |2667.7 \2850.3 |348.0 
763| 736.3| 921.9|1108.1|1294.9|1482.3 1670.3|1858.9|2048.1/2237.9|2428.3|2619.4 |2811.0 |3003.3 |367.0 
783| 775.2| 970.5|1166.5|1363.1|1560.3]1758.1/1956.5 2155.6]2355.3|2555.6/2756.5 |2958.1 |3 160.3 |386.4 
804| 815.1|1020.4|1226.4|1433.0|1640.3|1848.2/2056.7 2265 .9|2475.7|2686.1|2897.2 |3 108.9 |3321-3 |406.3 


823| 855.9|1071.6|1287.8)1504.7|1722.3|1940.5|2159.3 2378.9|2599.0|2819.9|3041-3 |3263.5 |3486.3 |426.7 
842| 897.8|1123-9|1350-7|1578.1|1806.3|203 5.0]2264.5 2494.6|2725.4|2956.9|3 189.0 |3421.8 |3655.3 447.6 
864| 940.7|1177.6|1415.1|1653.3|1892.3/2131.9|2372.1|2013.1/2854.8|3097.1|3340.I |3583.9 |3828.3 |469.0 
883| 984.6|1232.5|1481.0|1730.3|1980.3|2230.9|2482.3 |2734-4|2987.2 3240.6|3494-8 |3749.7 |4005-3 |490.9 


go3|1029.4|1288.6|15 48.4] 1809.0|2070.3|2332-3]2595.0/2858.4/3 122.513387.4 3653-0 |3919.3 |4186.3 |513.3 
923|1075.3|1346.0|1617.4|1889.4|2162.3|2435.8)2710.1|2985.2 3260.9|3537.4|3814.6 |4092-6 |4371.3 |536.2 
0943|1122.2|1404.6|1687-7|1971.6|2256.3|2541.6|2827.8|3114.7|3402.3 3690.7|3979-8 |4269.7 |4560.3 |559.6 
964|1170.1|1464.5|1759-6|2055.6|2352.3|2649-7|2947.9|3240.9|3546-7/3847.2|4148.4 |4450.5 |4753-3 |583.5 


98}|1218.9|1525.6 1833.0|2141.3|2450.3|2760.0|3070.6/3 381.9 3694.0|4006.9|4320.6 |4635.0 |4950.3 |607.9 
100}|1268.8)1588.0|1908.0|2228.7|25 50.3|2872.6/3 195-7/3519.7|3844-4|4169.9 4496.2 |4823.4 |5151.3-1632.8 
1023 1319.7| 165 1.6|1984.4|2317-9|2052.3|2987-4|3323-4|3060.2/3997.8)4336.2 4675.4 |5O15-4 |5356-3 |628.2 
1043|1371.6|1716.5|2062.3|2408.8|2756.3/3 104.5|3453-0|3803.5/4154.2|4505.7 4858.0 |5211.3 |5565.3 /684.1 
1064] 1424.4|1782.7|2141.7|2501.5|2862.3|3223.8|3586.2|3949.5|4313-5|4678.5 5044.2 5410.8 |5778.3 |710.5 


; 
§ 
1083 1478.3|1850.0|2222.6|2596.0|2970.3|3345-4|3721-4|4098.2/4475.9 4854.5|5233-9 [5614.1 |5995-3 |737.5 
|1103|1533.2|1918.7|2305.0|2692.2|3080.3|3469.2/3859.0|4249-7|4641.3|5033-7]5427-0 5821.2 |6216.3 |764.9 
20 


[ind Lk a ai cia a 


> vb 


a 
a4 
nie 


1123|1589.1|1988.6|2388.9|2790.1|3 192.3|3595.3|3999-2|4404.0|4809.7 5216.2/5623.7 |6032.0 |6441.3 |792.8 
114}|1645.9|2059.7|2474.3|2889.8|3306.3/3723.6|4141.8|4561.0]4981.0|5402.0 5823.8 |6246.6 |6670.3 |821.2 
1164|1703.8|2132.1|2561.2|2991-3|3422.3|3854-2|4287.0|4720.8/5155.4|5 591.0 6027.5 |6464.9 |6903.3 |850.1 
1184|1762.7|2205.7|2649.6|3094.5|3540.3 |3987-014434.6|4883.3|5332.8|5 783.3 6234.6 |6687.0 |7140.3 |879.5 
1204 |1822.6|2280.6|2739.5|3199-413060.3/4122.114584.815048.515513.215978.8 6445-3 |6912.8 |7381.3 1909.4 


For Moment of Inertia, deducting for rivets, multiply tabular value by net width. 


Thickness | _of 
or Diam- 
eter In war 
Inches. One Ft 
Long 
Cig) ell Ree ere 
16 013 
8, +053 
ae 119 
z 212 
5 
16 +333 
= -478 
Ts 651 
Sy 850 
ts 1.076 
a 1.328 
a 1.608 
3 
4 1.913 
te 2.245 
ms 2.603 
ae 2.989 
I 3.400 
16 3.838 
5 4-303 
is 4-795 
£ 5.312 
16 5.857 
3 6.428 
as 7.026 
2 7.650 
16 8.301 
z. 8.978 
36 9.682 
3 
Si 10.41 
16 11.17 
g 11.95 
Tene L2.70 
2 13.60 
ts 14.46 
5, 15.35 
is 16.27 
rs 17.22 
a 18.19 
3 19.18 
is , | 20.20 
- 21.25 
18 22.33 
s 23.43 
is 24.56 
2 25.71 
40 26.90 
my 28.10 
Ts | 29.34 


- | One Ft. 


Weight 


Area 
of of 
@'2 
Bar Bar 
in Sq. 


Long. | Inches. 


2.2500 
2.4414 
2.6406 
2.8477 
3.0625 
3.2852 
3.5156 
3-7539 
4.0000 
4.2539 
4.5156 
4.7852 
5.0625 
5-3477 
5.6406 
5-9414 
6.2500 
“| 6.5664 
6.8906 
7.2227 
7-5625 
7.9102 
8.2656 
8.6289 


TABLE 6. 


WEIGHTS AND AREAS OF SQUARE AND RounD Bars AND CIRCUMFERENCES oF RouND BARs. 
OnE Cusic Foor or STEEL WEIGHING 489.6 LB. 


Area 
of 


Circum- 
ference 


Bar 


in 
Inches. 


Bar 
in Sq. 
Inches. 


or Diam- 
eter in 
Inches, 


jah Lon, 


rm 
| 


Smoot H]_ leo: 
oH | 


poieiet 
ln oko 


| 
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A el a PA ele) 
Je oie ol 


= 
2] 


iH] bolle a) 
al2 on 


oojen 
Ime 


c) 


bof afiat eafeod ta 
ior Ole 


I 
J) 


un 
a 
t+ 


pace Peal ea al a Bao 


| 
C) 


Weight 
Thickness | 


of 


Bar 


One Ft 


Long. 


30.60 
31.89 
33-20 
34-55 


35-92 
37-31 
38.73 
40.18 


41.65 
43.14 
44.68 
40.24. 


47.82 
49.42 
» 51.05 
52.71 
54-40 
56.11 
57-85 
59.62 
61.41 
63.23 
65.08 
66.95 


68.85 
70.78 
72-73 
74-79 
76.71 
78.74 
80.81 
82.89 
85.00 
87.14 
89.30 
91.49 
93-72 
95-96 
98.23 
100.5 
102.8 
105 2 
107.6 
110.0 
112.4 
114.9 
117.4 
119.9 


Weight 


6 
Bar 
Long. 
24.03 
25.04 
26.08 
27.13 
28.20 
29.30 
30.42 
31.56 


eAGAt 
33.90 
35-09 
36.31 


37-56 
38.81 
40.10 


41.40 


42.73 
44.07 
45-44 
46.83 


48.24 
49.66 
51.11 
52.58 
54-07 
55-59 
57.12 
58.67 
60.25 
61.84 


63.46 


65.10 
66.76 
68.44 
70.14 
71.86 
73.60 
75-37 
77-35 
78.95 
80.77 
82.62 
84.49 
86.38 
88.29 
90.22 
92.17 
94.14 


Area 
of 
Bar 


in Sa. 
Inches. 


9.0000 
9.3789 
9.7656 

10.160 

10.563 

10.973 


11.391 
11.816 


12.250 
12.691 
13.141 
13.598 
14.063 
14.535 
15.016 
15.504 
16.000 
16.504 
17.016 
17-535 
18.063 
18.598 
19.141 
19.691 
20.250 
20.816 
21.391 
21.973 
22.563 
23.160 
23.766 
24.379 
25.000 
25.629 
26.266 
26.910 
27.563 
28.223 
28.891 
29.566 
30.250 
30.941 
31.641 
32.348 
33.063 
33-785 
34.516 
35-254 


Area | Circum- 
of ference 


Bar Bar 
in Sq. in 
Inches. | Inches. 


7.0686] 9.4248 
7.3662] 9.6211 
7.6699] 9.8175 
7-9798| 10.014 


8.2958] 10.210 
8.6179] 10.407 
8.9462] 10.603 
9.2806} 10.799 


9.6211 

9.9678 
10.321 
10.680 


II.045 
11.416 
11.793 
12.177 


12.566 
12.962 
13.364 
13.772 
14.186 
14.607 
15.033 
15.466 
15.904 
16.349 
16.800 
17.257 
17.721 
18.190 
18.665 
19.147 
19.635 
20.129 
20.629 
21.135 


21.648 
22.166 
22.691 


23.221 


23.758 
24.301 
24.850 
25.406 


25.967 
26.535 
27 109 
27.688 


10.996 
II.192 
11.388 
11.585 


11.781 


11.977 
12.174 
12.370 


12.566 
12.763 
12.959 
13.155 


13.352 
13.548 
13-744 
13.941 
14.137 
14.334 
14.530 
14.726 
14.923 
15.119 
15.315 
15.512 
15.708 
15.904 
16.101 
16.297 


16.493 
16.690 
16.886 
17.082 


17.279 
17.475 
17.671 
17.868 
18.064. 
18.261 


18.457 
18.653 


TABLE 6.—Continued. 
WEIGHTS AND AREAS OF SQUARE.AND RouND Bars AND CIRCUMFERENCES OF RounD Bars: 
One Cusic Foor oF STEEL WEIGHING 489.6 LB. 


Weight}}| Area Circum- i Weight | Area Circum- 
ference Thislenesd of of ference 


s of of of 
Thickness B r=) D G) or Diam- || Wn 


Bar Bar Bar CN Bar - Bar 
0 : 


.| One Ft. | in Sq. . in in 
Long. | Inches. . | Inches. 3 . | Inches. . | Inches. 


81.000 | 63.617] 28.274 
82.129 | 64.505] 28.471 
83.266 | 65.397] 28.667 
84.410 | 66.296] 28.863 


85.563 | 67.201] 29.060 
86.723 | 68.112] 29.256 
87.891 
89.066 | 69.953] 29.649 
90.250} 70.882] 29.845 
91.441 | 71.818] 30.041 
92.641 | 72.760} 30.238 
93-848 | 73-708) 30.434 
95.063 | 74.662| 30.631 
96.285 | 75.622] 30.827 |. 
97.516 | 76.589] 31.023 
98.754 | 77-561] 31.022 
100.00 | 78.540] 31.416 
IOI.25 | 79-525] 31.612 
102.52 | 80.516} 31.809 
103.79 | 81.513] 32.005 
105.06 | 82.516] 32.201 
106.35 | 83.525] 32.398 
107.64 | 84.541] 32-594 
108.94 | 85.562] 32.790 
110.25 | 86.590] 32.987 
111.57 | 87.624] 33-183 
112.89 | 88.664] 33-379 
114.22 | 89.710} 33.576 
115.56 | 90.763] 33-772 
116.91 | 91.821] 33.968 
118.27 | 92.886] 34.165 
119.63 | 93.956] 34-361 
121.00 
122.38 
123.77 
125.16 
126.56 
127.97 
129.39 
130.82 
132.25 
133.69 
135 14 
136.60 
138.06 
139 54 
141.02 
142.50 


96.14 | 36.000 | 28. 18.850 
98.14 | 36.754] 28. 19.046 
100.2 | 37.516| 29. 19.242 
102.2 | 38.285 E 19.439 


104.3 | 39.063 : 19.635 
106.4 | 39.848 | 31- 19.831 
108.5 | 40.641 : 20.028 
110.7 | 41.441 | 32. 20.224 


112.8 | 42.250] 33- 20.420 
114.9 | 43.066 | 33- 20.617 
117.2 | 43.891 : 20.813 
119.4 | 44.723 | 35- 21.009 
121.7 | 45.563 ‘ 21.206 
123.9 | 46.410 | 36. 21.402 
126.2 | 47.266 | 37- 21.598 
128.5 | 48.129 21.795 


130.9 | 49.000 | 38. 21.991 
133.2 | 49.879 | 39- 22.187 
135-6 | 50.766 | 39. 22.384. 
137.9 | 51.660 40. 22.580 


140.4 | 52.563 | 41. 22.777 
142.8 | 53.473 : 22.973 
145.3. | 54-391 | 42-718 | 23.169 
147.7 | 55.316| 43. 23.366 
150.2 | 56.250] 44. 23.562 
152.7 |57.191 | 44. 23.758 
155.2 | 58.141 | 45- 23-955 
157-8 | 59.098 | 46. 24.151 
160.3 | 60.063 | 47. 24.347 
163.0 | 61.035 | 47. 24.544 
165.6 | 62.016 | 48. 24.740 
168.2 | 63.004 | 49-483 | 24.936 


171.0 | 64.000 | 50. 25.133 
173.6 | 65.004] 51. 25.329 
176.3 | 66.016] 51. 25.525 
179.0 | 67.035 i 25.722 
181.8 | 68.063 | 53. 25.918 
184.5 | 69.098 | 54.269 | 26.114 
187.3 | 70.141 | 55. 26.311 
190.1 | 71.191 | 55. 26.507 
193.0 | 72.250] 56. 26.704 
195.7 | 73.316| 57. 26.900 
198.7 | 74.391} 58. 27.096 
201.6 | 75.473 | 59- 27.293 
204.4. | 76.563 | 60. 27.489 
207.4 | 77.660 | 60. 27.685 
210.3 | 78.766] 61. 27.882 
213.3 | 79.879 | 62.737 | 28.078 
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TABLE 7 


PROPERTIES OF CARNEGIE I BEAMS 


Distance 


F Center to 
Maximum Center 


Section} Bending Mo- ‘ 

Modu- | ment @ 16,000 Reqniees 
lus Lb. per Radii of 

Sq. In. Gyration 


I= Moment of r= Radius of Equal 
Inertia Gyration 


lamal 
Axis 1-1 |Axis 2-2| Axis r-r| Axis 2-2! Axis 1-1 I I 


Weight per Foot 
Thickness of Web 
Width of Flange 


yy I, Tg Si M, 


Inches | Pounds | Inches?! Inches Inches* | Inches# Inches | Inches?} Foot-Pounds Inches 


955-5 | 83.23 H 1.57 | 246.4 328 000 18.39 
883.5 | 81.0 5 1.58 | 240.3 321 000 18.58 
811.5 | 78.9 : 1.60 | 234.3 312 000 18.78 
380.3 | 48.56] 9. 1.28 | 198.4 264.000 17.82 
309.6 | 47.10 | 9. 1.30 | 192.5 257 000 17.99 
239-1 | 45.70 | 9. 1.31 | 186.6 | 249 000 18.21 
25.00 | 0.570 168.6 | 44.35 8 1.33 | 180.7 241 000 18.43 
23.32 087.9 | 42.86 | 9. 1.36 | 174.0 232 000 18.72 


24 34.00 | 0.750 2 
2 
2 
2 
2 
2 
2 
2 
29.41 | oO. : 1 655.8 | 52.65 | 7. 1.34 | 165.6 | 221 000 14.76 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


32.48 | 0.688 
30.98 | 0.625 
29.41 | 0.754 
27.94 | 0.692 
26.47 | 0.631 


27.94 606.8 | 50.78 | 7. 1.35 | 160.7 214 000 14.92 
26.47 557-8 | 48.98 | 7. 1.36 | 155.8 208 15.10 
25.00 508.7 | 47.25 “ 1.37 | 150.9 201 15.30 
23-73 466.5 | 45.81 < 1.39 | 146.7 196 15.47 
22.06 268.9 | 30.25 : 1.17 | 126.9 169 14.98 
20.59 219.9 | 29.04] 7. 1.19 || 12210'|> 163 15.21 
19.08 169.6 | 27.86 | 7. L-2ie|PED7.O) |) 156 15.47 


26.47 260.3 | 52.00 | 6. 1.40 | 140.0 187 13.51 
25.00 220.6 | 49.99 | 6. 1.42 | 135.6 181 13.69 
23.53 180.9 | 48.08 | 7. Tages || 130-2 175 13.89 
22.05 : 141.3 | 46.23 | 7. 1.45 | 126.8 169 14.08 
20.59 | oO. 4 921.3 | 24.62 | 6. I.09 | 102.4 136 13.20 
19.12 | o. ft 881.5 | 23.47] 6. I.1I 97-9 131 13.40 
17.65 | 0. i 841.8 | 22.38 | 6. TAG) (0325 125 13.63 
15.93 | 0. x 795.6 | 21.19 | 7. 1.15 | 88.4 13.95 
29.41 | I. : 900.5 | 50.98 1.31 | 120.1 10.75 
27.94 | I. | 872.9 | 48.37 : 1.32, | 116.4 10.86 
26.47 | 0. ‘ 845.4 | 45.91 : Tego ok 1237 10.99 
25.00 | O. : 817.8 | 43.57 5 1.32 | 109.0 11.13 
23.81 | o. : 795-5 | 41.76] 5. 1.32 | 106.1 11.25 
| 22.06 | o. : 691.2 | 30.68 | 5s. 92.2 10.95 
20.59 | 0. t 663.6 | 29.00 | 5. 88.5 II.II 
19.12 | o. ‘ 636.0 | 27.42 | 5. 84.8 11.29 
17.67 | o. k - 609.0 | 25.96 | 5. 81.2 11.49 
16.18 | 0. 3 BELO: || £7.06 |) s% 68.1 11.05 
14.71 | 0. 6 483.4. | 16.04 64.5 L027, 
13.24 | 0. 5 455.8 | 15.00] 5.87: 60.8 11.54 
12.48 | o. 441.7 | 14.62 : 58.9 II.70 
16.18 | o. j 321.0 | 17.46 G35 8.65 
14.71 |.0. , 303.3 | 16.12 | 4. j 50.6 8.83 
13.24 | 0. : 285.7 | 14.89 | 4.6 47.6 9.06 
11.84 | o. 4 268.9 | 13.81 j 44.8 9.29 
10.29 | 0. fl 228.3 | 10.07 : 38.0 9.21 

9.26 | 0. A Y erdstsh |} eRe) 36.0 9.45 
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Weight per Foot 


Thickness of Web 


Width of Flange 


TABLE 7.—Continued 


PROPERTIES OF CARNEGIE I BEAMS 


== Section 
Modu- 
lus 


I = Moment of 
Inertia 


r= Radius of 
Gyration 


Maximum 
Bending Mo- 
ment @ 16,000 


Axis 1-1 


Axis 2-2 


Axis 1-1 


Axis 2-2| Axis 1-1 


Il 


Ig 


Ty 


Si 


Mi 


pb 
enter to 
Contes 
Required 
to Make 
Radii of 
Gyration 
qual 


I 


Inches 


Pounds 


Inches? 


Inches 


Io 


40 
35 
30 
25 


11.76 
10.29 
8.82 
7:37 
10.29 
8.82 
7:35 
6.31 


7.50 
6.76 
6.03 
5-33 


0.749 
0.602 


0.455 
0.310 


0.732 
0.569 
0.406 
0.290 


0.541 
0.449 
0.357 
0.270 


0.458 
0.353 
0.250 


0.475 
0.352 
0.230 


0.504 
0.357 
0.210 


0.410 
0-337 
0.263 
0.190 
0.361 


0.263 
0.170 


24.41 
20.44 
16,85 
13.53 
10.63 

8.04 


6.52 | 0.232 


5-15 


0.424 
0.390 
0.357 
0.322 
0.289 
0.255 


0,210 


Inches* 


Inches* 


Inches 3 


Foot-Pounds 


Inches 


158.7 
146.4 
134.2 
122.1 


111.8 
IO1.9 
91.9 
84.9 
68.4. 


64.5 
60.6 


56.9 
42.2 


9-50 
8.52 
7-65 
6.89 


CRG 
6.42 
5-65 
5.16 


4-75 
4-39 
4.07 
3-78 


3-24, 
2.94 
2.67 


3.67 
3-77 
3.90 
4.07 


3:29 
3.40 
3-54 
3.67 


3.02 
3-09 
3-17 
3-27 
2.68 
2.76 
2.86 


2.27 


2.35 
2.46 


1.87 


1.94 
2.05 


mage 
1.55 


1.59 
1.64 


¥.15 


1.19 
1.23 


31.7 
* 29.3 


22.6 
20.4 
18.9 


17.1 
16.1 
05.0 
14.2 


12.1 
11.2 
10.4 


26.8 | 
24.4 } 


24.8.|_ 


000 
000 
000 
000 


Mie, 
7-32 
7-57 
7-91 


6.36 
6.58 
6.86 
Fete, 


5.82 
5.96 
6.12 
6.32 
5-15 
5-31 
5.50 


4.33 


4-49, 
4.70 


TABLE 8 
ELEMENTS OF CARNEGIE I BEAMS 


Maximum 
Bending 
Moment 


f 


Bearing Plate 


Inches . | Inches | Inches Inches | Inches 
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TABLE 8.—Continued 
ELEMENTS OF CARNEGIE I BEAMS 


Flange 


Maximum 
Bending 
Moment 


Bearing Plate 


Inches} Pounds | Inches Inches : Inches | Inches Inches 


ied 
bb wb bb 
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Joti | sve[ eel: | tolstol sno) bol | #a|co velco nslconmleo 


x Too 
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TABLE 9 


2 DIMENSIONS AND ELEMENTS OF STANDARD CARNEGIE I BEAMS 


nt 
SLOPE OF FLANGES 1:6 


Width ? Axis I-1 Axis 2-2 
of Toe, | Radius, 
Section | F° Hees ue es 


Tia Si-1 Ti-1 Io-2 S2-2 
Sq. In. | Inches Inches | Inches | Inches | Inches‘ | Inches’ | Inches | Inchest | Inches’ 


30.98 | 7. 1.404 | 0.800 | 0.60 811.5 | 234.3 | 9.53 | 78.9 
26.47 | 7. 1.142 | 0.600 | 0.60 238.4 | 186.5 | 9.20 | 45.7 
230 Ih 74 1.142 | 0.600 | 0.60 087.2 | 173.9 | 9.46 | 42.9 
23473 76 1.183 | 0.650] 0.70 466.3 | 146.6 | 7.86 | 45.8 
19.08 | 6. 1.029 | 0.550] 0.60 169.5 | 117.0! 7.83 
22.05 | 7. 1.195 | 0.659 |. 0.66 141.3 | 126.8 | 7.19 
17.65 | 6. 0.922 | 0,460 | 0.56 841.8 
15.93 | 6. 0.922 | 0.460 | 0.56 795.5 
17.67 | 6. I.041 | 0.590 | 0.69 609.0 
14.71 | 5. 0.834 | 0.410 | 0.51 483.4 
12.48 | 5. 0.834 | 0.410 | 0.51 441.8 
11.84 | 5. 6.859 | 0.460 | 0.56 268.9 
9.26 | 5. 0.738 | 0.350 | 0.45 215.8 
8.82 | 4. 0.673 | 0.310 | 0.41 134.2 
7.37 | 4. 0.673 | 0.310 | 0.41 T2247 
6.31 | 4. 0.627 | 0.290 | 0.39 84.9 
(5-33 | 4 0.581 | 0.270 | 0.37 56.9 
TASS aeeton ollie 0.488 | 0.230 | 0.33 21.8 
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TABLE 10 


DIMENSIONS AND ELEMENTS oF SUPPLEMENTARY CARNEGIE I BEAMS 


SLOPE OF FLANGES 1:6 


Dimensions for Double 
Curve 


Width of 
Flange, 
Thickness 
of Web, 


2888.6 
1928.0 
1227.5 
733.2 
405.1 
199.6 
113.9 
58.3 


9 
tS nes 
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TABLE 11. 
WEB RESISTANCES FOR J-BEAMS. 


CARNEGIE I-BEAMS, FROM CARNEGIE’S PocKET COMPANION. 


Depth {weight | Allowable | Allowable | Mit: | 224 | pepth |weight | Allowable | Allowable th ee. 
of per Web Buckling | pear- | tion of per Web Buckling | Bear- | tion 
Beam. | Foot. Shear. Resistance.| “ing. |a=3}’’, Beam, | Foot. Shear. |Resistance.| “ing, |a=3}”. 

aches Pound Pound Pounds Donndall Tucties: (Panna P Pounds Porsd 
es. |Pounds, ‘ounds. | per Sq. In. Inches.|Pounds.} Inches. |Pounds. ‘ounds. |per Sq. In. Inches.| Pounds. 
27 83.0 114480 7970 27.1 | 34650 55.0 98520 16470 4.3 878090 
50.0 83880 16030 4.5 | 72830 
II5.0 180000 13460 11.8 | 95880 45.0 69120 15390 4.8 57620 
110.0 165120 12960 nea 84690 12 40.0 55200 14480 5.3 43300 
105.0 150000 12350 13.4 | 73320 * 35.0 52320 14230 5.4 40330 
100.0 180960 13490 11.8 96620 31-5 42000 13060 6.2 29710 
24 95.0 166320 13000 12.5 85610 27-5 30600 10850 8.1 17990 
90.0 151440 12410 13.3. | 74410 i LO 
85.0 136800 II710 14.5 | 63410 fee ee pee 2S eee 
ee 120000 10690 16.5 50780 ro 30.0 45500 I5190 4.1 41470 
9.5 93600 8340 22.8 | 30910 25.0 31000 13410 5.0 24940 
21 57.5 74970 8820 18.6 | 27540 22.0 23200 11540 6.2 | 16060 
“ 6870 = Io10 
100.0 176800 15080 8.3. |113320 =a , aed aes 23 sb6 
95.0 | 162000 14720 8.6 |101370 9 Bao 36540 15160 3.7. | 35390 
aa eS 24300 9.0 pied 21.0 26100 13620 4.4 22710. 
‘ 3 13750 9-5 77930 
20 80.0 | 120000 13230 10.t | 67460 25.5 43280 16440 2.9 | 48920 
75.0 | 129800 13660 9.6 | 75380 23.0 35920 T5910 3.0 | 39290 
70.0 | 115000 12980 10.4 | 63420 Py bees pubes reac 34 pone 
65.0 18.0 00 A 
5 eh: 12080 11.6 51320 rae E6800 72400 re 14320 
90.0 145260 15140 74 97730 A 
85.0 130500 14700 Wore 85260 7 ere eee oe ae 3350 
80.0 115920 14160 8.2 | 72940 15.0 17500 14150 3.2 18580 
75.0 Ior160 13450 8.9 | 60480 ; . . 
18 70.0 120420 14670 7.8 | 84350 17.25 28500 16810 2.1 39930 
65.0 114660 I4110 8.3 | 71890 6 14.75 21120 16050 | 2.2 28250 
60.0 99900 13380 9.0 | 59420 12.25 13800 14480 2.6 16650 
55.0 82800 12220 r0.2 | 44980 17.0 19000 16720 .| 1.7 30180 
46.0 57960 9320 14.8 24020] - 5 14.75 25200 eh a8 41370 
12.25 17850 16580 I. 28120 
75.0 132300 16050 5.6 |102660 
70.0 117600 15690 5.8 | 89160 9-75 pe5oo. zane a ese 
65.0 102900 15210 6.1 | 75650 10.5 16400 I7310 1.3 31040 
60.0 88500 14600 6.5 | 62440 9.5 13480 _ 16940 1.4 | 25690 
15s 55.0 98400 15040 6.2 | 71530 4 8.5 10520 16360 1.4 | 19360 
50.0 83700 14340 6.7 | 58020 75 7600 15300 1.6 | 13130 
45.0 69000 13350 7.5 44520 7.5 10830 17560 I.0 26040 
42.0 61500 12670 8.1 37660 3 6.5 7890 17020 ;{} 1.0 19020 
36.0 43350 T0010 I1.2 | 20070 5.5 5100 15950 ep 11530 


CamBriA I-BEAMS UNIFORMLY LOADED, From CAMBRIA’S HANDBOOK. 


For explanation of above table see footnote Table 16. 


I =I : . 4 5 : : 
4/8) yo3| gd] 2 | Be | ged] a8 
8 |oy| SHS) SS) SF] oy ge| og 
& |$8| 253) ag!) & | FS | 243) Aa 
In. | Lb. Lb. Ft. In. Lb Lb. Ft. 
3 5-5 | 10900 | 1.7 8 | 18 36310} 4.2 12 50 | 176250] 3.2 18 55 | 100040) 8.8 
6.5 | 17790 | 1.1 20.25 peore 3-5 55 |213760| 2.8 155580| 6.6 
7.5 | 25230 9 22.75 | 72760| 2.4 5 |194040] 5.5 
25. i 15 42 86530] 7.3 0 | 
4 | 75 | 15330 | 2.1 Seon oor a aaa 45 | 106100) 6.2 biel Nebel 
8.5 | 22670 | 1.6 9 | 2r 42450| 4.8 50 |146260| 4.8 20 65 |120150| 9.6 
9.5 | 30820 | 1.2 25 71530 | 3.1 55 |186740| 4.0 70 |169980| 7.3 
10.5 |, 37820-/| 2.¥ 30 Ape 2.3 60 | 222070] 3.6 75 | 206010| 6.7 
5 | 9.75] 20050 | 2.6 35 TACO TOO Oa 60 
160940] 5. 20 80 | 182710] 8. 
12.25] 39730 | 1.5 TO: || 25 48960 | 5.4 5 65 aerice ie 85 pred ag! 
14.75| 57400 | 1.2 30 86630 | 3.4 70 | 237380] 4.1 90 |257610| 6.6 
6 |12.25| 25130 | 3.x 35 126460 | 2.0 75 |276000| 3.7 05 |295400| 6.0 
14.75| 44320 | 2.0 40 165320 | 2.2 80 | 316160} 3.4 100 |333150| 5.5 
17.25| 628900 | 1.6 62800 | 6.2 4.6 24 80 |127540| 14.7 
7 15 | 30510 | 3.7 91730 | 4.5 4.2 85 | 166820] 11.8 
17.5 | 49320 | 2:5 130540 | 3.5 3.9 90 | 202450] 10.1 
20 69540 | 1.9 99380 | 4.0 3.6 95 |239330| 8.8 
138110] 3.8 3-4 100° |277070| 7-9 
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TABLE 12 
SAFE LoaDs, IN ToNs, AND DEFLECTIONS, CARNEGIE I BEAMs 
AMERICAN BRIDGE COMPANY STANDARDS 
Weight LENGTH OF SPAN IN FEET 


per Foot, 
Pounds 


11S. 


The figures give the safe uniform load in tons, based on extreme fiber stress of 16,000 lb., or - 
the end reactions from safe uniform load in thousands of pounds. 


For load concentrated at center, use one-half of figures given for allowable load and four-fifths 
values given for deflection. 


Figures for deflections are given in inches. 


For figures at right of heavy zigzag lines, deflections are considered excessive for plastered 
ceilings. 
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TABLE 12.—Continued. 
Sarg Loaps, In Tons, AND DEFLECTIONS, CARNEGIE I BEAMs. 
AMERICAN BRIDGE COMPANY STANDARDS. 


roi aes LENGTH oF SPAN IN FEET. 
Foot, 
: Pounds.| 4 5 6 C} 8 9 LO! >|, Fz I2 13 14 | 15 | 16 | 17 | 18 | 20 | 22 | 24 
40. ....| 34 | 28] 24 | 21 | 19 | 17] 15 | 14 | 13 | 12 | 1] 11] 10}9.4]8.5 7-7 |7-1 
aM 35. _...| 31 | 26] 22 | 20] 17 | 16 | 14 | 13 | 12 | 11 | 10|9.8 |9.2 |8-7 17.8 |7-1 |6.5 
10 30. ....| 29 | 24 | 20 | 18 ] 16 | 14 | 13 | 12 | rr | 10 |9.5 |8.9 |8.4 |8.0 17.2 |6.5 |6.0 
25. +5 .| 26 | 22 | 39 |) 16 | 14 | 13 | 12 |_12 | 101) 9.3 8.7 |8.1|7-7 |7-2 6-5 |5-9 5-4 
Def. |... .|-04 |.06 | .08 | 12 | 13 | .17 | .20 | .24 .28 | .32 |.37|.42 |.48 1.54 1.66 |.60 |.05° 
35. -...| 27 | 22 | 19 | 17 | 45 | 13 | 12 | 11 | 10 | 9.5 |8.8 8.3 }7.8 |7-4 |6.6 |6.0 [5.5 
2 30. -...| 24 | 20 | 17 | 25 | 13 | 12 | x | 10 | 9.3 | 8.6 [8.1 ]7.5 }7-1 16.7 |6.0 5-5 |5-0 
9 25. 22 | 18 | 16 | 14 | 12 | 11 | 9.9 | 9.2 | 8.4 | 7-8 |7.3 6.8 16-4 6.1 |5.4 |5-0 [4.5 
21 20 | 17 | 14 | 13 | 11 | 10 | 9.2 | 8-4 | 7.7 | 7.2 | 6.7/6.3 5-9 |5-6 |5.0 |4.6 |4.2_ 
Def. |....|-05 |-07 |.00 | 12 | 15 |. |.22 |.27 | 32 36 |.41 |.47 253 {100 |.74|.89 |LT 
ANsols 18 | 15 | 13 | 11 | 10 | 9.1 | 8.3 | 7-6 | 7.0 | 6.5 Jo.1 [5.7 |5-4 |5-1 14-6 |4.2 [3.8 
is 23 17 | 14 | 12 | 11 | 9.6 | 8.6 | 7.8 | 7.2 | 6.6 | 6.1 [5.7 |5.4 [5.1 |4.8 |4.3 |3-9 3.6 
8 20.5 16 | 13 | 12 | 10 | 9.0] 8.1 | 7.3 | 6-7 | 6.2 | 5.8 15.4 |5-1 14.8 |4.5 |4-0 13-7 |3-4 
18 1s | 13 | 11 | 9.5 | 8.4 | 7-6 | 6.9 | 6-3 | 5-8 | 5.4 [5.1 |4-7 |4-5 |4-2 |3-8 13-4 13-2 ‘ 
Def. 05 |.07 | .10 | .13 | 17 | 27 | 25 | -30 | 35 | 42 |-47 +53 |-60 |.67 |.83 1.0 |1.2 | * . 
20 13 | 11 | 9.2| 8.0] 7-1 | 6.4 | 5.8 | 5-4 | 4-9 | 4.6 [4-3 |4-0/3-8 [3.6 13.2 |2.9 |2.7 
7 17.5 12 | 10 | 8.5 | 7.5 | 6.6 | 6.0] 5.4 | 5-0] 4-6 | 4.3 |4.0/3.7 |3-5 |3-3 |3-0 |2-7 |2-5 . 
15 11 | 9.2 | 7.9 | 6.9 | 6.1 | 5.5 | 5.0 | 4-6] 43 | 3-9 |3-7 |3-5 [3-3 [3-2 [2-5 2.5 |2-3 
Def. |....|.06 | .09 | .r2 | .15 | -19 | .24 | .20 | 34 | .40 40 \.53 |.Or |.08 |.77 |\-O5 \L-T | 
17.25 | 12 | 9.3 | 7-8 | 6.6 | 5-8 | 5-2 | 4.7 | 4.2 | 3-9 326 l|) 323) 3012-0) 2.71 |..< 
6" 14.75 | 10 | 8.5 | 7-1] 6.1 | 5.3 | 4-71 4-3 | 3-9 3261'3.31l|09.0,|2-Bil2s0)12.5 || 
12.25 .| 9.7.| 7-8 | 6.5 | 5-5 | 4.8 |-4.3 | 3-9 | 3-5 19-2 13:0 12.8 [2.6 )2.4 2.5) eee 
Def. | .04 | .07 | .10 | .14 | 18 | .22 | .28 | .33 | 40 47 | 54 \.62 |.71|-80|...|.--|.--|---] 9 
14.75 | 8.1 | 6.5 | 5.4 | 4.6 | 4.0 | 3-6 | 3.2 | 2-9 | 2-7 | 2-5 | 2.3 |2-2 /2.0)1.9 | 
Ge 12.25 | 7.3 | 5.8 | 4.8 | 4.2 | 3-6 | 3-2 | 2.9 2.6 | 2.4 | 2.2 | 2.1 |1.9 |1.8 |1.7 
9-75 | 6.5 | 5-2 | 4:3 | 3-7 | 3-2 | 2-9 2.6 | 2.3 | 2-2 | 2.0} 1 8 J1.7|T-6|1.5 Jo. |e fee fe | 
Def. | .05 | .08 | .12 | .16 | .27 | .27 | 3. 0 | 48 | .56.| .65 |.74|.85|.06|...|-.-|.--[---| 9 
10.5 | 4.8 | 3.8 | 3.2 | 2.7 | 2.4 | 2.1 | 1-9 | 1.7 1.6 Se alh 
9.5 | 4.5 | 3.6 | 3.0 | 2.6 | 2.3 | 2.0] 1.8 | 1.6] 1.5 
8.5 | 4.2 | 3.4] 2.8 | 2.4 | 2.0 | 1.9] 1.7] 1-5 | 1-4 fF 7 
4” 7.6 | 4.0 | 3.2 | 2.7 | 2.3 | 2.0 | 1.8 | 1.6 | 1.4 | 1.3 soles on [oleae aioe aa 
Def. | .07 | .r0 | .15 | .20 | .26 | .33 | 41 | .50 260 lem vel Sed] Be alo) 7 ors ee 
7.5 | 2.6] 2.1] 1.7] 1-5 | 1-3 | 1.2 | 1.0 | -94 FBG Necse it lls. sisillece eleteral|e sos oars | >> axel [sian es 
6.5 | 2.4] 1.9] 1.6 | 1.4 | 1.2 | 12 <0) 5 lhet sy AAllntson oooh owe Oey ce)foercieyt soo jlo ; 
aig g5 | 22 | 18 | 15 | 1.3 | 1-7 | 98 (188 | 80 | -73 |---|. eee ]e nef e |e |e fe fe fe | 
Def. | .09 | .14| .20 | .27 | .35 | -45 | -55 167)|| 80 io opelltole alletee | weifa>-tp)| xe all eto eee etal a 


The figures give the safe uniform load in tons, based on extreme fibre stress of 16,000 lb., or 
the end reactions from safe uniform load in thousands of pounds. 

For load concentrated at center, use one-half of figures given for safe loads and four-fifths of 
the values given for deflections. Figures for deflections are given in inches. 
For figures at right of heavy zigzag lines, deflections are excessive for plastered ceilings. 


TABLE 12a. 
PERCENT OF TABULAR SAFE LOADS FOR BEAMS AND CHANNELS WitTHOUT LATERAL SUPPORT. 


Ratio of Span, or Distance Between Lateral Supports, to Flange Width. 
55 | 60 85 


Authority. 


ro | 15 | 20 | 25 | 30 | 35 | 40 | 45 | 50 65 | 70 90 | 95 |x00 


Cambria | 100 | 100 | 99 | 93 | 87 | 80 | 73 | 67,161 | 56151 47 143.139 | 36 33 130 | 28 | 26 
30 


Am. B. Co. | 100 | 91 | 81 | 72 | 63 | 53 | 44 Ratios above not allowed by American Bridge Co. 


The tabular safe loads should be reduced in accordance with the ratios given in the-above table 
that the stresses in the compression flanges should not exceed the allowed unit stress. 


in order to insure 


TABLE 13. 


Sarg Loaps, IN TONS, AND DEFLECTIONS, SUPPLEMENTARY I-BEAMS. 


Weight. Span in Feet, Safe Uniform Load in Tons, and Deflection in Inches. 


13 15 17 22 | 24 


76 67 47 


14 |.16 |.18 |.20 |.25 |.30 | .35 | 4: 


15 24 


57 35 


OMe : F 3 . .40 


14 22 


44 


aij 


13 


33 


16 


Def. 


Span 


Load 13 


Def. | .05 | .07 


The figures give the safe uniform load in tons, based on extreme fiber-stress of 16,000 lb.; 
or the end reactions from safe uniform load in thousands of pounds. 
For load concentrated at center, use one half of figures given for allowable load and four- 
fifths values given for deflection. 
Figures for deflection are in inches. 
4 For figures to right of heavy zigzag lines, deflections are considered excessive for plastered 
ceilings. 
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Weight per Foot 


Pounds! Inches? 


16.18 
14.71 
13.24 
11.76 
10.29 
9-90 
11.76 
10.29 
8.82 
7:35 
6.03 
10.29 
8.82 
7:35 
5.88 
4.46 
7:35 
5.88 
4-41 
3.89 
6.25 
5.51 
4.78 
4.04 
3-35 
5.81 
5:07 
4-34 
3.60 
2.85 
4.56 
3.82 
3-09 
2.38 
3-38 
2.65 
1.95 
2.13 
1.84 
1.55 
1.76 
1.47 
1.19 


Thickness of Web 


Inches 


0.818 
0.720 
0.622 
0.524 
0.426 
0.400 


0.758 
0.636 
0.513 
0.390 
0.280 


0.823 
0.676 
0.529 
0.382 
0.240 


0.615 
0.452 
0.288 
0.230 


0.582 
0.490 
0.399 
0.307 
0.220 
0.633 
0.528 
0.423 
0.318 
0.210 
0.563 
0.440 
0.318 
0.200 


0.477 
0.330 
0.190 


0.325 
0.252 
0.180 


0.362 
0.264. 
0.170 


Width of Flange 


TABLE 14 
PROPERTIES OF CARNEGIE CHANNELS 


I = Moment 
of Inertia 


Axis1-1|Axis2—2 


Ih Is 


t = Radius of 
Gyration 


Axis 2—2 


Inches | Inches 


430.2 | 12.19 
402.7 | 11.22 
375.1 | 10.29 
347-5 | 9-39 
320.0 | 8.48 
312.6 | 8.23 


197.0| 6.63 
179-3 | 5-99 
161.7 | 5.28 
144.0 | 4-53 
128.1 | 3.91 
115.5 
103.2 
gI.0 
78-7 
66.9 
79.7 
60.8 
50.9 
47-3 


47.8 


8 8S 


BWW VBYHWO AADEHL UUNUMNMY 
Poe DAAMSLYHY OFS KN H 
OR ONDKH KUN FW ON 


Section 
Modu- 
lus 


et ie IIe ah Racks! Spe eas A ee) 
One OMbDH WOM OW DAMN 


ian! 
be 


_ 


Gravity 
to Out- 
side of 

Web 


Hee YD HW WRU LI D~I CO CO 


Distance | 
Back to 
Back Re- 
are! 
to Make 
‘Radi of 
Gyration 
Equal 


———— 


TABLE 15 
ELEMENTS OF CARNEGIE CHANNELS 


“sq, IF Mm =| ‘sq 1f “3M 


“sql 41 "qa. *“Sq] ZI “3M 
‘ =, ‘ v=] . . ‘ Zz 
aqe[q supreag ii ®.4 O71 X ‘ 0-1X,2X,8 © 3X,2X,,8 sq] 4 3M “9X ,2X,9 
y¢ ZI zx ZI “ad UsONa a“ USN“ 
MEN “eg “ 
T&M vo d a a Ne) Ne) Ne) No) 
suliveg La - i) 
osuey F 
Ul WANT A} bo ho vao0 ile rlee wiles 
UINWIXe yy 
© in 
5.} aourjsiq | o | § | reoers ef eriesries AOS Se Seofco] mlsoes hd a Tl Srtienericona|S |S of icacofonna| 2] HIS |S rscveniaial iS clcorsiescacorsiat| | Sealand exeone] Prana] ml rales 
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TABLE 16. 
WeEB RESISTANCES FOR CHANNELS. 


CARNEGIE CHANNELS, FROM CARNEGIE’S POCKET COMPANION. 


Weight | Allowable | Allowable | Min: | End | Depth weight | Allowable | Allowable| End be 


per Web Buckling ; = |= per Web Buckling = : 
Foot. Shear. | Resistance. ae pears a Foot. Shear. |Resistance. ee ty, 


Inches. |Pounds.| Pounds. aie ae Pounds 
93830 21.25 46560 16620 
80350 18.75 39200 16170 
66840 16.25 31920 15530 
53350 13.75 24560 14490 
39850 II.25 17600 12700 
36270 


53200 
43580 
34070 
24460 
15379 


55.0 122700 15820 
50.0 108000 15390 
45.0 93300 14820 
40.0 78600 14040 
35.0 63900 12900 
33.0 60000 12510 


WI NAO 
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56780 
46300 
35830 
25360 
14580 


19.75 44310 17090 
86250 17.25 30960 16700 
71760 14.75 290610 16130 
57260 12.25 22260 I5190 
48540 14700 13230 
42770 
32900 a 33780 T7150 
a 26400 16640 
80090 e 19080 15730 
65040 12000 13810 
49850 
34660 7 23850 17180 
21060 5 16500 16380 
9500 14450 


50.0 102830 I6150 
45.0 88140 15680 
40.0 73450 15020 
37.0 64610 14470 
35.0 . 58760 14020 
32.0 48750 13000 


wWHDHNN 


48280 
36610 
25010 


40.0 90960 16260 
13810 


35.0 76320 15730 
30.0 61560 14950 
25.0 46800 13670 
20.5 33600 I1570 
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38920 
25670 
13040 
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35.0 82300 16900 
30.0 67600 16440 
25.0 52900 15730 
20.0 38200 14470 
15.0 24000 11780 


83430 
66670 E 13000 16870 
49910 * 10080 16250 
33160 7200 I5150 
16970 


24670 
18430 
12270 


ChODR RROOR WOUhOH 
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27020 
I9I1O 
11520 


10860 17560 
58220 x 7920 17030 
40420 ¥ 5100 15940 
22500 
16170 


25.0 55350 16470 
20.0 40680 15550 
15.0 25020 13590 
13.25 20700 12220 
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Safe end reaction R=f, X t(a + 4/4), Safe interior load P = 2f, X t(at + d/4). 

In these formulas R is the end reaction, P the concentrated load, t the web thickness, d the depth of the beam, 
a‘ half the distance over which the concentrated load is applied and a the whole distance over which the end reaction 
is applied, while f, is the safe resistance of the web to buckling in pounds per square inch by the formula 19000 
— 100d/2r (d/2 =1 in column formula). 

The tables give for beams with unsupported webs: 

1. The allowable shear V, on the gross area of beam or channel webs at 10,000 pounds per square inch. 

2. Allowable buckling resistance f;, in pounds per square inch computed from this compression formula. 

3. The distance a, or the distance over which the end reaction must be distributed when the shearing stress, 
Y, in the web is the maximum allowable of 10,000 pounds per square inch. 

4. The allowable end reaction (R) when a is taken at 33”’ which is the usual length of beam actually resting 
on the 4” angles ordinarily used in building construction for beam seats. 


CAMBRIA CHANNELS, UNIFORMLY LoapED, From CAMBRIA HAND BOOK. 


ing. |a=3%”. 


Inches. |Pounds.} Inches. |Pounds.) Pounds. per Sq. In. Inches. |Pounds. 


Y 
a 
n 


Lb, 


83150 
ro1800 


HH 


on 
ROACOnr hed BH 


CHA SCHR BRH 
HHH 


28120 
42250 
80080 
118810 


HH 
HHS 
HNHWH 


KNeabewok OHanH 


30570 
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107070 
147010 
182940 
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TABLE 17 
Sare Loans, in Tons, AND DEFLECTIONS, CARNEGIE CHANNELS 
AMERICAN BripGE CoMPANY STANDARDS 


Weight 


. per 
pie Foot, 
Pounds 16 


LENGTH OF SPAN IN FEET 
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50. 
45. 
40. 
35. 
33. 
Def. 
40. 
35. 
30. 
25. 
20.5 
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25. 
20. 
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20. 
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The figures give the safe uniform load in tons, based on extreme fiber stress of 16,000 Ib., or 
the end reactions from safe uniform load in thousands of pounds. 

For load concentrated at center, use one-half of figures given for safe loads and four-fifths of 
the values ‘given for deflections. 

Figures for deflections are given in inches. 


For figures at right of heavy zigzag lines, deflections are considered excessive for plastered 
ceilings. 
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TABLE 17.—Continued 
Sare Loaps, IN TONS, AND DEFLECTIONS, CARNEGIE CHANNELS 
AMERICAN BRIDGE COMPANY STANDARDS 


LENGTH.OF SPAN IN FEET 


4 
° 
Hw 
Hn 
H 
cS) 


Pounds 


[° 
|: 
|: 


21.25 
18.75 
16.25 
13.75 
11.25 
Defoe 
19.75 
17.25 
14-75 
12.25 
9-75 
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The figures give the safe uniform load in tons, based on extreme fiber stress of 16,000 lb., or 
the end reactions from safe uniform load in thousands of pounds. : 

For load concentrated at center, use one-half of figures given for safe loads and four-fifths of 
the values given for deflections. 
’ Figures for deflections are given in inches. 

For figures at right of heavy zigzag lines, deflections are considered excessive for plastered 
ceilings. ; 
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TABLE 18. 


SAFE Loaps, In TONS, AND DEFLECTIONS, CARNEGIE CHANNELS LAID FLAT. 
AMERICAN BripGE CoMPANY STANDARDS. 


per 
Foot, 
Pounds. 


Weight LENGTH or SPAN IN FEET. Weight LENGTH OF SPAN IN FEET. 
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The figures give the safe uniform load in tons, based on extreme fiber stress of 16,000 lb., or 
the end reactions from safe uniform load in thousands of pounds. 

For load concentrated at center, use one-half of figures given for safe loads and four-fifths of 
the values given for deflections. Figures for deflections are given in inches. 

For figures at right of heavy zigzag lines, deflections are excessive for plastered ceilings. 


TABLE 18a. 
COEFFICIENTS OF DEFLECTION, UNIFORMLY DISTRIBUTED LOoADs. 
For Concentrated Load at center use four-fifths the tabular coefficient. 


Fiber Stress, Pounds 
per Square Inch. 


Fiber Stress, Pounds per 
Square Inch. 


Fiber Stress, Pounds 
per Square Inch. 


16000 16000 


16 4.237| 3.708] 3.310 
17 4-783 | 4.186 | 3.737 
18 5.363 | 4.692] 4.190: 
19 5.975 | 5.228] 4.668 
20 6.621) 5.793 | 5-172 
21 7.299| 6.387] 5.703 
22 8.011} 7.010] 6.259 
1.059 | 0.927 | 0.828 23 8.756| 7.661] 6.841 
1.341 | 1.173 | 1.047 24. 9-534, 8.342| 7-448 
1.655 | 1.448 | 1.293 25 10.345 | 9.052| 8.082 
2.003 | 1.752 | 1.565 26 11.189| 9.790] 8.741 
2.383 | 2.086 | 1.862 27 12.066 |10.558| 9.427 
2.797 | 2.448 | 2.185 28 12.977 |11.354 |10.138 
3.244 | 2.839 | 2.534 29 13.920 |12.180 |10.875 
3.724. | 3.259 | 2.909 30 14.897 |13.034 |11.638 


To find the deflection in inches of a section symmetrical about the neutral axis, such as beams, 
channels, zees, etc., divide the coefficient in the table corresponding to given span and fiber stress 
by the depth of the section in inches. For unsymmetrical sections, such as angles and channels 
laid flat, divide the coefficient by twice the distance from neutral axis to most extreme fiber. 
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16000 | 14000 | 12500 14000 14000 12500 


31 15.906 | 13.918 | 12.427 
32 16.949 | 14.830 | 13.241 
33 18.025 | 15.772 | 14.082 
34 19.134. | 16.742 | 14.948 
35 20.276 | 17.741 | 15.841 
36 21.451 | 18.770 | 16.759 
37 22.659 | 19.827 | 17.703 
38 23.901 | 20.913 | 18.672 
39 25.175 | 22.028 | 19.668 
40 26.483 | 23.172 | 20.690 
41 27.824 | 24.346 | 21.737 
42 29.197 | 25.548-| 22.810 
43 | 30.603 | 26.779 | 23.909 
44 31.954 | 28.039 | 25.034. 
45 33-517 | 29.328 | 26.185 


0.017 | 0.014 | 0.013 
0.066 | 0.058 | 0.052 
}0.149 | 0.130 | 0.116 
0.265 | 0.232 | 0.207 
0.414 | 0.362 | 0.323 
0.596 | 0.521 | 0.466 
0.811 | 0.710 | 0.634 
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TABLE 19. 
MoMENTS OF INERTIA OF Two CHANNELS, BotH AXEs. 
FLANGES TURNED Out, DISTANCES FROM BAcK TO BACK. 


Properties ' For Distances 
of Two Channels, -- 3 Measured from 
Flanges Turned Out. Back to Back. 


Depth. (ih 7 8// 


Weight. 6. 9.00 8.00 10.50 b : 13-75 | 16.25 


Area 2[s 4 5-30 4.76 6.18 3 i 7 - 9.56 
Ix-2[s 4 17.8 26.0 30.2 - z . R 79.8 
Flange 2[s 3t 4, 4% 3 3 5 


b floments of Inertia of 2 Channels Ab i Various Distances Back to 


26.5 ; : : 37-3} 44.0] 38.1 
29.7 ) e ; 41.6 | 49.0] 42.3 
33-1 x z i 46.1] 54.4] 46.8 
36.6 3 4 j EO:9) "860.3, | ae5.155 


40.4 : : ; 55.9] 66.0] 56.4 
44.4 6 ; F 61:2)! 72.33| "61.6 
48.6 i 3 66.8 | 78.9] 67.1 
52.9 i : : yoo Sey Aa Me es) 
57-5 . ; ; 78.6 | 92.9] 78.7 
62.2 i ; é 84.9 | 100.3 | 84.9 
67.2 : 8] 91.5 | 108.1] 91.3 
72.3 : : 98.2 | 116.1] 97.9 
77.6 i A .4 | 105.3 | 124.5 | 104.8 
83.1 : : .§ | 112.6 | 133.2 | 112.0 
* 88.8 ‘ : 18] 120.2) 142, EW PTO.g 
94.8 : i 3 | 128.0 | 151.4 | 127.0 


100.8 : F .O | 136.1 | 160.9 | 134.8 
107.1 ‘ : .9 | 144.4 | 170.8 | 143.0 
113.6 : : I | 153.0 | 180.9 | 151.3 
120.3 ; 4 .4.| 161.8 | 191.3 | 160.0 


WWWw 
We |cobo| il 


eer arss 


[Cobo IH 


5 

54 
52 
5a 


DH OVO 
Bledel 


NNN™N 


RiesieaH 


127.2 : : .O | 170.9 | 202.0 | 168.8 
134.2 ; ; .8 | 180.2 | 213.0 | 177.8 
141.5 i H -7 | 189.8 | 224.4 | 187.2 
148.9 : : .9 | 200.0 | 236.0 | 196.7 


156.6 : ; 3 | 209.7 | 247.9 | 206.5 
164.4 : : .9 | 220.1 | 260.2 | 216.6 
172.8 : : .8 | 230.7 | 272.7 | 227.0 
180.7 5 y 8 | 241.5 | 285.6 | 235.7 
189.1 j ’ .0 | 252.6 | 298.7 | 248.2 
197.7 : : .5 | 264.0 | 312.1 | 259.3 
206.5 : ‘ I | 275.6 | 325.8 | 270.5 
215.5 d ; .0 | 287.4 | 339.9 | 282.1 


224.7 i 5 .I | 300.0 | 354.2 | 293.8 
234.1 : ‘ 3 | 311-9 | 368.8 | 305.1 
243-6 3 p 8 | 324.5 | 383.8 | 317.9 
253-4 ; . -5 | 337-4 | 399-0 | 330.3 
263.4 i ; 4 | 350.5 | 414.5 | 343.0 
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TABLE 19.— Continued. 
Moments or INERTIA OF Two CHANNELS, BotH AxéEs. 
FLANGES TURNED Out, DISTANCES FROM BACK TO BACK. 


Properties ' For Distances 
of Two Channels, 55 coed tes Measured from 
Flanges Turned Out. | Back to Back. 


10!/ 


20,00] 25,00 20.50 25.00 30.00 i 33-00 35-00 40.00 ‘ 50.00 


11.76 | 14.70 12.06 14.70 17.64 d 19.80 20.58 23.52 E 29.42 
157-4 | 182.0 256.2 288.0 323-4 ° 625.2 640.0 695.0 By 805.4 
53 5t 6 6t 63 Fs 6% 7 7 73 


Moments of Inertia of 2 Channels About Axis Y--Y for Various Distances Back to Back. In.4. 


~ 


119.4) 149.9] 131.6 | 157.5| 188.5| 221.8] 231.3] 239.6| 272.3| 306.9 343-4 
128.7) 161.6] 141.5 | 169.4| 202.8} 238.5] 247.9| 256.8| 292.0] 329.0] 368.2 
138.4) 173-8] 151-7 | 181.8] 217.6] 255.9] 265.1| 274.7| 312.4] 352.0| 393.8 
148.5] 186.4 | 162.3 | 194.6] 233.0] 273.9| 283.0] 293.2| 333.5] 375.9| 420.4 
158.9} 199.4] 173.3 | 207-9| 248.9] 292.6] 301.5] 312.4] 355.4| 400.5| 447.9 
169.7] 213.0] 184.6 | 221.7] 265.4] 311.9] 320.6| 332.2| 378.0] 426.0] 476.4 
180.9] 227.0] 196.4 | 235.9| 282.51 331.9] 340.3] 352.7] 401.3] 452.3| 505.7 
192.4] 241.4 | 208.5 | 250.5] 300.0| 352.5] 360.6| 373.8| 425.0] 479.5| 536.0 
204.3] 256.3] 221.0 | 265.7] 318.2] 373.8] 381.5 | 395.5] 450.2|-507.5| 567.2 
216.6] 271.7} 233.8 | 281.2] 336.9] 395.7| 403.1] 417.9| 475.8| 536.2| 599.3 
229.2| 287.5] 247-1 | 297.3] 356.1] 418.2] 425.3| 440.9] 502.1] 565.9] 632.3 
242.2| 303.8 | 260.7 | 313.8] 375-9] 441.4] 448.1| 464.6] 529.1| 596.3 | 666.2 
255-5| 320.6] 274.7 | 330.8] 396.3) 465.3] 471.5| 489.0] 556.9] 627.6] 7or.1 
269.2) 337-8 | 289.1 | 348.2] 417.2| 489.7] 495.5 | §13.9| 585.3| 659.7| 736.9 
283.3] 355.5 | 303-8.| 366.1] 438.6] 514.8] 520.2] 539.5| 614.6] 692.6| 77 .6 
297.8) 3, 3.6] 318.9 | 384.4] 460.6] 540.6] 545.5 | 565.8] 644.5| 726.4] 811.2 
312.7| 392.2 | 334-4 | 403.2] 483.2! 567.0] 571.4| 592.7| 675.2| 761.0| 849.8 
327-9] 411.2] 350.3 | 422.5) 506.3] 594.0] 597.9| 620.3| 706.7| 796.4| 889.2 
343-4] 430.7] 366.6 | 442.2] 530.0] 621.7] 625.0] 648.5| 738.8] 832.7] 929.6 
359-4| 450-7 | 383.2 | 462.4] 554.2] 650.0] 652.8] 677.3] 771.7| 869.8| 970.9 
375-7| 471.1] 400.2 | 483.0] 578.9] 679.0] 681.2] 7 6.7| 805.4] 907.7 |1013.2 
392.3] 492.0] 417.6 | 504.1 | 604.2] 708.6} 710.1] 736.9] 839.7| 946.4 |1056.4 
409.4] 513. | 435.4] 525.6] 630.1] 738.8] 739.7| 767.6| 874.8] 958.9 |1100.4 
426.8] 535.2] 453-5 | 547-7| 656.5 | 769.8] 770.0| 799.0| 910.7 |1026.3 |1145.4 
444.6) 557.4] 472.0 | 570.1| 683.5] 801.4] 800.8] 830.9] 947.3 |1067.6 |1191.2 1318.1 
462.7) 580.1 | 490.9 | 593.1] 711.0| 833.6] 832.3 | 863.6] 984.6 |1109.6 |1238.1 |1369.8 
481.2} 603.3 | 510.2 | 616.5 | 739.1] 866.4] 864.4| 896.9 |1022.6 |1152.5 |1285.8 |1422.5 
500.1) 627.0] 539.9 | 640.3] 767-7| 899.9] 897.1 | 930.9 |1061.4 |1196.2 |1334.4 |1476.2 
519.4] 651.0] 549.8 | 664.6| 796.8] 934.0] 930.4] 965.5 |1100.9 |1240.7 |1384.0|1530.9 
539-0} 675.5 | 570.2 | 689.4| 826.6] 968.7} 964.3 |1000.7 |1141.2 |1286.0|1434.5 |1586.6 
558.9] 700.6] 591.0 | 714.6| 856.8 |1004.1] 998.9 |1036.6 |1182.2 |1332.2 |1485.9 |1643.3 
579-3| 726.0] 612.1 | 740.3 | 887.7 |1040.2 |1034.1 |1073.2 |1223.9 |1379.2 |1538.2 |1701.0 
600.0] 752.0] 633.7 | 766.5 | 919.0 |1076.9 |1069.9 |1110.4 |1266.3 |1427.1 |1591.5 |1759.7 
621.1) 778.4} 655.6 | 793.1] 951.0 |1114.2 |1106.3 |1148.2 |1309.5 |1475.7 |1645.7 |1819.5 
642.5} 805.2] 677.9 | 820.2] 983.4 |1152.2 |1143.3 |1186.6 |1353-5 |1525.2 |1700.8 |1880.2 
664.4) 832.6] 700.6 | 847.7 |1016.5 |1190.8 ]1181.0 |1225.7 |1398.1 |1575.5 |1756.8 |1942.0 
686.6] 860.3 | 723.6 | 875.7 |1050.1 |1230.1 |1219.2 |1265.5 |1443.5 |1626.7 |1813.7 |2004.8 
1709.1} 888.6] 747.0 | 904.1 |1084.2 |1270.0 ]1258.1 |1305.9 |1489.7 |1678.6 | 1871.6 |2068.6 
732.0) 917.3 | 770.8 | 933.1 |1118.9 |13 10.5 |1297.6 |1347.0 |1536.5 |1731.4 |1930.4 2133.4 
75533 962.4 |1154.1 }1351.7 |1337.8 |1388.6 |1584.1 |1785.0 | 1990.0 |2199.2 
789.0 : 5 | 992.3 |1189.9 |1393.6 1378.5 |1431.0 | 1632.4 |1839.5 |2050.7 |2266.0 
803.0 4 5 |1022.5 |1226.2 |1436.0 |14.19.9 }1473.9 | 1681.5 2112.2 |2333-9 
827.4 ; 8 |1053.3 |1263.1 |1479.2.11461.9 |1517.5 |1731.3 9 |2174.6 |2402.7 
852.1 a 5 |1084.5 |1300.5 |1522.9 |1504.5 |1561.8 |1781.9 -8 |2238.0 |2472.6 
877. 3 5 [1116.1 8. 67. 47.7 |1606.7 |1833. 6 ; 43. 
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. TABLE 20. 
MoMENTS OF INERTIA OF Two CHANNELS, BotH Axes. 
FLANGES TURNED IN, DISTANCES FROM BACK TO BACK. 


Properties 4 For Distances ; 
of Two Channels, am Nt Measured from , 
Flanges Turned in. H Back to Back. : 


9” 10!’ 


12.25 Ir.25 =| “ - 15.00 20,00 15.00 20,00 


eee cere 8.92 11.76 
72.0 : 4 IOI. 121. 133.8 157-4 
$ i8 ts ts 5 3 i 


Moments of Inertia of 2 Channels about Axis Y-Y for Various Distances Back to Back, In.4. 


~ 
> 


78.6 | 104.8 77.6 | 104.0 

85.1 | 113.6 84.1 | 112.7 

92.0 | 122.7 | 90.9.| 121.7 

99.1 | 132.2 98.0 | 131.1 
106.5 | 142.1 | 105.4 | 140.9 
Ti4nEo| 605243, \}) FIZ Lore 
122.0 | 162.9 | 120.9 | 161.6 
130.3 | 173.8 | 129.1 | 172.5 
138.7 | 185.2 | 137.6 | 183.7 
147-5 | 196.8 | 146.3 | 195.4 
156.5 | 208.9 } 155.3 | 207.4 
165.8 | 221.3 | 164.7 | 219.7 
L7G: 23 Ae ka L742 232.4) 
185.3 | 247.3 | 184.1 | 245.5 
195.4 | 260.8 | 194.2 | 259.0 
205.8 | 274.7 | 204.7 | 272.8 
216.5 | 289.0 | 215.4 | 287.0 
227.5 | 303.6 | 226.3 | 301.6 
238.7 | 318.6 | 237.6 | 316.5 
250.2 | 334.0 | 249.1 | 321.8 
262.0 | 349.7 | 261.0 | 347.5 
274.1 | 365.8 | 273.1 | 363.5 
286.4 | 382.3 | 285.4 | 379.9 
299.1 | 399.2 | 298.1 | 396.7 
312.0 | 416.4 | 311.0 | 413.8 
325-1 | 433-9 | 324.2 | 431.3 
338.6 | 451.9 | 337-7 | 449.2 
352.3 | 470.2 | 351.5 | 467.4 
366.3 | 488.9 | 365.5 
380.6 | 507.9 | 379.8 
395-1 | 527-3 | 390.5 
409-9 | 547-0 | 409.3 
425.0 2 | 424.5 
440.4 ‘7 | 439-9 
456.0 6 | 455-7 
472.0 9 | 471.7 
488.2 ; 487.9 
504.7 


we [oto|e 


coaonMnnonNNNN 
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Properties 


of Two Channels, 
Flanges Turned In. 


TABLE 20.— Continued. 
Moments or INERTIA OF Two CHANNELS, BoTH AXES. 
FLANGES TurNED In, DistANCES FROM BACK’ TO BACK. 


sl! 


For Distances 
Measured from 


Back to Back, 


20.5 


12.06 
256.2 
ts 


25 


14.70 
288.0 


i 


3° 


17-64 
323-4 
I 


35 


35 


40 


45 


5° 


20.58 
358.6 
1} 


1 ! 


20.58 
640.0 
F 7 


23.52 
695.0 
15 


26.48 
750.2 
rt 


29.42 
805.4 


Le 
tie 


32.36 
860.4 
13 


Moments of Inertia of 


2 Channe 


s About Axis Y-Y for Various 


De he SIG 
9z | 193.2 
9s 205.2 
gt 217.6 
10 230.4 


10y 243.5 
103 PNAS 
10g | 270.9 


II 285.2 
Iz 299.9 
Iiz 314.9 
112 330.3 
12 346.1 
12+ 362.2 
12} 378.8 
12% | 395-7 
13 413.0 
13% 430.6 
132 | 448.7 
132 467.1 
14 485.9 
14% | 505.0 
143 524.6 
14% | 544.5 
15 564.8 
Ise | 585-5 
15% 606.6 
Ea 628.0 
16 649.8 
16} 672.0 
163 | 694.5 
163 | 717.5 
17 740.8 
17z | 764.5 
173 788.6 
17z 813.0 
18 837.8 
18+ 863.0 
183 | 888.6 
184 914.6 
19 940.9 
19k 967.6 
193 | 994.7 
192 | 1022.2 
10500 


223.8 
238.1 
252.8 
268.0 


283.7 
299.8 
316.3 
333-3 
350-9 
368.8 
387.2 
406.0 
425.4 
445.1 
465.4 
486.1 
507.3 
528.9 
551.0 
573.6 
596.6 
620.1 
644.0 
666.4. 
693.2 
718.5 
744-3 
779-5 
797-2 
824.3 
851.9 
879:9 
908.5 
937-4 
966.9 
996.8 
1027.1 
1057.9 
1089.2 
1120.9 
MOSSEL 
1185.8 
1218.9 
1252.4 
1286.5 


268.2 


285.4 
303.0 


321.3) 


340.1 
359-4 
379-3 
399-7 
420.7 
442.3 
464.4 
487.0 
510.2 
534-0 
558.3 
583.1 
608.5 
634.5 
661.0 
688.0 


715-7 
743-8 
772-5 
801.8 
831.6 
862.0 
892.9 
924.4 
956.4. 
989.0 
1022.1 
1055.8 
1090.0 
1124.8 
1160.1 
1196.0 
1232.4 
1269.4 
1306.9 
1345-0 
1383.6 
1422.8 
1462.5 
1502.8 
1543.6 


309-9 
329.8 
350-4 
371.6 
393-4 
415.9 
439.0 
462.7 
487.2 
512.2 
537-9 
564.2 
591.2 
618.8 
647.1 
676.0 
705.6 
735:8 
766.6 
798.1 
830.2 
863.0 
896.4 
930.4 
965.1 
1000.5 
1036.5 
1073.1 
III0.3 
1148.2 
1186.8 
1226.0 
1265.8 
1306.3 
1347-4 
1389.2 
1431.6 
1474-7 
1518.4 
1562.8 
1607.7 
1653.3 


1699.6 
1746.5 
1794-1 


349.0 
371.6 
394-9 
418.9 
443-7 
469.2 
495-5 
522.5 
550.2 
578-7 
607.9 
637.9 
668.5 
699.9 
732.0 
764.9 
798.5 
832.8 
867.9 
903-7 
940.3 
977-6 
1015.6 
1054.3 
1093.8 
1134.0 
1175.0 
1216.7 
1259.1 
1302.3 
1346.2 
1390.8 


1436.2 
1482.3 
1529.1 
1576.7 
1625.0 
1674.0 
1723.8 
1774.3 
1825.6 
1877.5 
1930.3 
1983.7 
2037.9 


Distances 


Back to Back. 


In.4. 


288... 
307.1 
326.3 
346.2 
366.7 
387.9 
409.6 
432.0 
455.0 
478.6 
502.8 
527-7 
553-1 
579-2 
605.9 
633.2 
661.1 
689.7 
718.9 
748.7 
779-1 
810.1 
841.7 
874.0 
906.9 
940.4 
974-5 
1009.3 
1044.6 
1080.6 
II1I7.2 
1154-4 
1192.2 
1230.7 
1269.8 
1309-5 
1349.8 
1390.7 
1432.3 
1474-4 
1517.2 
1560.6 
1604.6 
1649.3 


1694.5 


300.4 
319.8 
339-9 
360.6 
381.9 
403.9 
426.5 
449.8 
473-7 
498.3 
523-5 
549-3 
5758 
602.9 
630.7 
659.1 
688.2 
717.9 
748.2 
779-2 
810.8 
843.1 
876.0 
909.6 
943.8 
978.7 

1014.2 

1050.3 

1087.1 

1124.5 

1162.6 

1201.3 

1240.6 

1280.6 

1321.3 

1362.5 


1404.5 
1447.0 
1490.2 
1534-1 
1578.6 
1623.7 
1669.5 
1715.9 
1763.0 


343-7 
366.0 
388.9 
412.6 
437-0 
462.2 
488.1 
514.7 
542.1 
570.2 
599-0 
628.6 
658.9 
690.0 
721.7 
7543 
787-5 
821.5 
856.2 
891.7 
927-9 
964.8 
1002.4 
1040.8 
1080.0 
1119.8 
1160.4 
1201.7 
1243.8 
1286.6 
1330.2 
1374-4 
1419.4 
1465.2 
IS11.7 
1558.9 
1606.8 
1655.5 
1704.9 
1755.1 
1806.0 
1857.6 
1910.0 
1963.1 
2016.9 


385.5 
410.4 
436.3 
462.9 
490.4 
518.7 
547-8 
5778 
608.5 
640.2 
672.6 
7259 
739-9 
774-9 
810.6 
847.2 
884.6 
922.8 
961.9 
1001.8 
1042.5 
1084.0 
1126.4 
1169.6 
1213.6 
1258.4 
1304.1 
1350.6 


1397-9 
1446.1 
1495-1 
1544-9 
1595-5 
1647.0 
1699.3 
1752-5 
1806.4 
1861.2 
1916.8 
1973-3 
2030.5 
2088.6 
2147.5 
2207.3 
2267.8 


424.6 
452.2 
480.8 
510.3 
540.7 
572.0 
604 2 
637-4 
671.5 
706.5 
742-4 
DS 
817.0 
855-7 
895.3 
935-8 
977-3 
1019.6 
1062.9 
1107.1 
1152.3 
1198.3 
1245.2 
1293.1 
1341.9 
1391.7 
1442.3 
1493.9 
1546.3 
1599.7 
1654.0 
1709.3 
1765.4 
1822.5 
1880.5 
1939-4 
1999.2 
2060.0 
2121.6 
2184.2 
2247.7 
2312.2 
2377-5 
2443.8 
2510.9 


461.9 
492.1 
523-4 
555-7 
589.0 
623.3 
658.6 
694.9 
732.2 
770.6 
809.9 
850.3 
801.7 
934-1 
977-5 
1021.9 
TOR733 
1113.8 
1161.2 
1209.7 
1259.1 
1309.6 
1361.1 
1413.6 
1467.1 
1521.7 
1577-2 
1633.7 
1691.3 
1749.9 
1809.4 
1870.0 


1931.7 
1994.3 
2057.9 
2122.5 
2188.2 
2254.8 
2322.5 
2391.2 
2460.8 
2531.6 
2603.3 
2676.0 
2749.8 


_ TABLE 21. 
Moments oF INERTIA OF Two CHANNELS, BotH AXEs. 
FLANGES TURNED IN, DisTANcES INSIDE TO INSIDE OF WEB. 


For Distances 
Measured from 


Inside to Inside of Web. 


Properties 
of Two Channels, 
Flanges Turned In. 


13-25 15.00 20.00 15.00 


9°75 : 
Area2[s| 5.70 7-20 6.70 8.08 9-56 7-78 8.82 11.76 8.92 11.76 
I-2[s 42.2 48.4 | 64.6 72.0 79-8 94.6 101.8 121.6 133-8 157-4 
Web 2s} “¥ f i £ e ‘ fe i } i 


Moments of Inertia of 2 Channels About Axis Y-Y for Various Distances Inside to Insid 


Visa all amals(ome 80.4 |} 68.9 | 88.6 | 110.5 79.4 | 94.2 | 138.1 90.4 | 131.5 
Te 63.7 86.4 74.3 95-3 | 118.6 85.6 | 101.4 | 148.1 97-4 | 141.3 
Te 68.4 92.7 79.8 | 102.2 | 127.0 92.1 | 108.9 |.158.6 | 104.8 | 151.5 
7% 73-4 99.2 85.7 | 109.5 | 135.8 98.7 | 116.6 | 169.4 | 112.4 | 162.0 
8 78.5 | 105.9 91.6 | 116.9 | 144.8 | 105.7 | 124.6 | 180.6 | 120.3 | 172.9 
8t 83.8 | 112.8 97-8 | 124.6 | 154.2 | 112.8 | 132.9 | 192.1 | 128.4 | 184.2 
83 89.3 | 120.0 | 104.3 | 132.6 | 163.8 | 120.2 | 141.5 | 204.0 | 136.9 | 195.8 
8i 95.0 | 127.4 | 110.9 | 140.8 | 173.7 | 127.9 | 150.3 | 216.3 | 145.6 | 207.8 
9 100.8 | 135.0 | 117.7 | 149.2 | 184.0 | 135.8 | 159.5 | 229.0 | 154.6 | 220.2 
9; | 106.9 | 142.8 | 124.8 | 158.0 | 194.5 | 143.9 | 168.9 | 242.0 | 163.9 | 233.0 
Oe4| 119.4 | TS0.9 | 4432.0 | “166:9 | “205-3 ||| 162.3) | 17845") aac | a73.s | 24678 
gf | 119.4 | 159.2 | 139-5 | 176.2 | 216.5 | 160.9 | 188.5 | 269.1 | 183.3 | 259.5 


10 126.0 | 167.7 | 147.2 | 185.6 | 227.9 | 169.8 | 198.7 | 283.2 | 193.4 | 273.4 
10} | 132.7 | 176.4 | 155.1 | 195.4 | 239.6 | 178.9 | 209.2 | 297.7 | 203.8 | 287.6 
10z | 139.6 | 185.4 | 163.1 | 205.3 | 251.6 | 188.3 | 220.0 | 312.6 | 214.5 | 302.2 
1oz | 146.7 | 194.6 | 171.5 | 215.8 | 264.0 | 197.9 | 231.1 | 327.8 | 225.5 | 317.1 
Il 154.0 | 204.0 | 180.0 | 226.1 | 276.6 | 207.7 | 242.4 | 343.4 | 236.7 | 332.4 
11z | 161.5 | 213.6 | 188:7 | 236.8 | 289.5 | 217.8 | 254.0 | 359.4 | 248.2 | 348.1 
11% | 169.1 | 223.5 | 197.6 | 247.8 | 302.7 | 228.1 | 265.9 | 375.7 | 260.0 | 364.2 
11 | 176.9 | 233.6 | 206.8 | 259.0 | 316.3 | 238.7 | 278.0 | 392.4 | 272.1 | 380.6 
12 184.9 | 243.9 | 216.1 | 270.5 | 330.1 | 249.5 | 290.4 | 409.4 | 284.4 | 397.4 
12} | 193.0 | 254.5 | 225.7 | 282.3 | 344.2 | 260.6 | 303.2 | 426.9 | 297.1 | 414.5 
12% | 201.4 | 265.2 | 235.4 | 294.3 | 358.6 | 271.9 | 316.2 | 444.7 } 310.0 | 432.0 
123 | 209.9 | 276.2 | 245-4 | 306.5 | 373.3 | 283.4 | 329.4 | 462.8 | 323.2 | 449.9 
13 218.6 | 287.4 | 255.6 | 319.0 | 388.3 | 295.2 | 342.9 | 481.3 | 336.6 | 468.2 
13i | 227.4 | 298.9 | 266.0 | 331.8 | 403.6 | 307.3 | 356.7 | 500.2 | 350.4 | 486.8 
133 | 236.5 | 310.5 | 276.6 | 344.8 | 419.2 | 319.5 | 370.8 | 519.5 | 364.4 | 505.8 
13% 245.7 | 322.4 | 287.4 | 358.1 | 435-1 | 332.0 | 385.2 | 539.1 | 378.7 | 525.1 
14 255-1 | 334-5 | 298.4 | 371-6 | 451-4} 344.8 | 399-8 | 559.1 | 393-3 | 544.8 
14z | 264.7 | 346.9 | 309.7 | 385.3 | 467.9 | 357-8 | 414-7 | 579.5 | 408.1 | 564.9 
143 | 274-5 | 359-4 | 321-1 | 399.4 | 484.7 | 371-1 | 429.9 | 600.2 | 423.3 | 585.4 
14f | 284.4 | 372.2 | 332.8 | 413.6 | 501.8 | 384.5 | 445.4 | 621.3 | 438.7 | 606.2 
15 294.5 | 385.2 | 344.6 | 428.2 | 519.2 | 398.3 | 461.1 | 642.8 | 454.4 | 627.4 
15 | 304.8 | 398-5 | 356.7 | 442.9 | 536.9 | 412.3 | 477-1 | 664.6 | 470.4 | 649.0 
15% | 315.3 | 411.9 | 369.0 | 458.0 | 554.9 | 426.5 | 493.4 | 686.9 | 486.6 | 670.9 
15% °| 326.0 | 425.6 | 381.5 | 473.2 | 573.2 | 440.9 | 510.0 | 709.4 | 503.1 | 693.2 
16 336.8 |. 439.5 | 394.2 | 488.8 | sor.8 | 455.6 | 526.8 | 732.4 | 519.9 | 715.9 
16¢ | 347-8 | 453-7 | 407-1 | 504.6 | 610.7 | 470.6 | 543-9 | 755-7 | 537.0 | 738.9 
163 | 359.0 | 468.0 | 420.2 | 520.6 | 629.9 | 485.8 | 561.3 | 779.3 | 554.4 | 762.3 
16% | 370.4 | 482.6 | 433-5 | 536.9 | 649.4 | Sor.2 | 579.0 | 803.4 | 572.0 
17 | 381.9 | 497-4 | 447-1 | 553-4 | 669.1 | 516.9 | 596.9 | 827.8 | 590.0 
17k | 393-6 | 512.5 | 460.8 | 570.2 | 689.3 | 532.8 | 615.2 | 852.6 | 608.2 
17g | 405-5 | 527.7 | 474-8 | 587.3 | 709.6 | 549.0 | 633.6 | 877.7 | 626.7 
17% | 417-6 | 543.2 | 488.9 | 604.6 | 730.3 | 565.4 | 652.4 | 903.2 | 645.4 
18 429.9 | 558.9 | 503.3 | 622.1 | 751.3 | 582.0 | 671.5 “4 


TABLE 21.— Continued. 
x 
Moments or INERTIA OF Two CHANNELS, BotH AXEs. 
FLANGES TuRNED IN, DisTANCEs INsIDE To INSIDE OF WEB. 


Properties ' For Distances 
of Two Channels, pee" Pied an Measured from 
Flanges Turned in. \ Inside to Inside of Web, 


Depth, rz? 


Weight. 20.5 25 30 35 j 50 
Area 2[s| 12,06 14.70 17.64 20.58 i i x . - 29.42 
Ix-2[s 256.2 288 0 323-4 358.6 x / i ; : 805.4 
Web 2[s Ys 2 I 1} 13 Z d, 4 1x5 


Moments of Inertia of 2 Channels about Axis Y-Y for Various Distances Inside to Inside of Webs. 


208.2 | 269.9| 342.1] 417.9| 497.2 [ 350.3 | 369.2 | 441.8] 518.0] 596.4 
220.7 | 285.6 |. 361.5 | 441.1 | 524.2 | 370.9] 390.8] 467.1 | 547.1 | 629.4 
233-5 | 301.7| 381.4.| 464.9] 552.0] 392.2] 413.0] 493.2] 577.0| 663.2 
246.7 | 318.4] 401.9] 489.3 | 580.5 | 414.0] 435.9] 519.9 | 607.8] 698.0 
260.4] 335.4] 423.0 609.7 | 436.5] 459-5] 547-4 | 639.4 | 733.7 
274.3 | 353-0| 444.6] 540.2] 639.7] 459.6] 483.7 | 575.7] 671.8 | 770.3 
288.7 | 371.0] 466.7 x 670.4} 483.4 | 508.5 | 604.7.) 705.0] 807.9 
303-4} 389.5 | 498.4 6] 701.9] 507-7| 533-9] 634-4 | 739-1] 846.4 
318.6 | 408.4 | 512.7 , 734.1 | 532.7| 560.0] 664.8] 774.0] 885.7 
334.0] 427.8] 536.5 f 767.0] 558.3} 586.8] 696.0| 809.7] 926.0 
350.0! 447.6] 560.9 800.6 | 584.5] 614.2 | 727.9| 846.3] 967.3 
366.1 | 467.9 | 585.8 : 835.0] 611.3 | 642.2] 760.6} 883.6 | 1009.4 
382.8 | 488.7 | 611.2 : 870.2 | 638.7] 670.9] 794.0] 921.8 | 1052.5 
399-8 | 510.0] 637.2 ; 906.0] 666.8] 700.2} 828.1 | 960.9 | 1096.4 
417.2 | 531.6 | 663.8 E 942.6 | 695.5 | 730.2 | 862.9 | 1000.7 |'1141.3 
434-9 | 553.7 | 690.9 ; 979-9 | 724.8! 760.8 | 898.5 | 1041.4 | 1187.2 
453.0] 576.3 | 718.6 -9 | 1018.0] 754.7 | 792.0] 934.9 | 1082.9 | 1233.9 
471.6 | 599.4 | 746.8 3.| 1056.8] 785.2 | 824.0| 971.9 | 1125.3 | 1281.5 
490.4| 622.9] 775.6 .4 | 1096.3 | 816.4 | 856.5 | 1009.7 | 1168.5 | 1330.1 
509-7 | 646.9] 804.9 .2| 1136.6] 848.2 | 889.7 | 1048.2 | 1212.5 | 1379.6 
529.3 | 671.3 | 834.8 .6 | 1177.6| 880.5 | 923.5 | 1087.6 | 1257.3 | 1430.0 
549.4} 696.2 | 865.2 .6 | 1219.4] 913.5 | 958.0 | 1127.6 | 1302.9 | 1481.4 
569.7 | 721.6| 896.2 3 | 1261.8} 947.2 | 993.1 | 1168.3 | 1349.4 | 1533.6 
590.5 | 747-4| 927.6 -6 | 1305.0] 981.4 | 1028.9 | 1209.8 | 1396.7 | 1586.8 
611.7] 773.6] 959.8 6 | 1349.0 | 1016.3 | 1065.2 | 1252.0 | 1444.9 | 1640.9 
633.2 | 800.4] 992.4 2 | 1393-7 | 1051.8 | 1102.3 | 1294.9 | 1493.8 | 1695.9 
655.1 | 827.6 | 1025.6 .5 | 1439.1 | 1087.9 | 1140.0 | 1338.6 | 1543.6 | 1751.9 
677.4.| 855.2 | 1059.3 3 | 1485.2 | 1124.6 | 1178.3 | 1383.0 | 1594.3 | 1808.7 
700.0 | 883.3 | 1093.6 .Q | 1532.1 | 1161.9 | 1217.3 | 1428.2 | 1645.7 | 1866.5 
723.0 | 911.9 | 1128.4 | 1351.1 | 1579.7 | 1199.9 | 1256.9 | 1474.1 | 1698.0 | 1925.1 
746.5 | 940.9 | 1163.8 9 | 1628.0 | 1238.5 | 1297.1 | 1520.7 | 1751.1 | 1984.8 
770.2 | 970.4 | 1199.7 .4 | 1677.1 | 1277.7 | 1338.0 | 1568.0 | 1805.0 | 2045.3 
794.4. | 1000.4 | 1236.2 -5 | 1727.0 | 1317.5 | 1379.6 | 1616.1 | 1859.8 | 2106.7 
818.9 | 1030.8 | 1273.2 .2 | 1777.6 | 1357.9 | 1421.8 | 1664.9 | 1915.3 | 2169.1 
- 843.9 | 1061.7 | 1310.8 6 | 1828.9 | 1399.0 | 1464.6 | 1714.5 | 1971.8 | 2232.4 
869.1 | 1093.0 | 1349.0 -7 | 1880.9 | 1440.6 } 1508.1 | 1764.8 | 2029.0 | 2296.6 
894.8 | 1124.8 | 1387.7 4 | 1933-6 | 1482.9 | 1552.2 | 1815.8 | 2087.1 | 2361.7 
920.9 | 1157.0 | 1426.9 | .7 | 1987.1 | 1525.8 | 1596.9 | 1867.6 | 2146.0 | 2427.8 
947-3 | 1189.7 | 1466.7 .7 | 2041.4 | 1569.4 | 1642.3 | 1920.1 | 2205.7 | 2494.7 
974.1 | 1222.9 | 1507.0 3 | 2096.3 | 1613.5 | 1688.4 | 1973.3 | 2266.2 | 2562.6 
IOOI.3 | 1256.5 | 1547.9 .5 | 2152.1 | 1658.3 | 1735-1 | 2027.3 | 2327.6 | 2631.4 
1028.8 | 1290.6 | 1589.4 4 | 2208.5 | 1703.7 | 1782.4 | 2082.0 | 2389.8 | 2701.1 
1056.8 | 1325.1 | 1631.4 .0 | 2265.7 | 1749.7 | 1830.4 | 2137.4 | 2452.8 | 2771.8 
1085.1 | 1360.1 | 1673.9 .2 | 2323.6 | 1796.3 | 1880.0 | 2193.6:| 2516.7 | 2843.3 
1113.7 | 1395.6 | 1717.0 .O | 2382.2 | 1843.5 | 1928.3 | 2250.5 | 2581.4 | 2915.8 


TABLE 22. 
PROPERTIES OF Two CHANNELS, SPACED SMALL DISTANCES. 


Properties ' 


Flanges Turned Out. 


of Two Channels. — Sad ail =X 


For Distances 
Measured from 
Back to Back. 


n.|Lb.| In? Int | In. In In. In.4 In. In.4 In. 
My |) 2.38)| 3.2, 2.27 
Zi. | 2.94 3.6 | 1.12] 1.1 | 0.60 1.4 | 0.70 
Onl gase 4.2 | 1.08} 1.4 | 0.62 1.8 | 0.71 2.4 | 0.82 
Gal 3-10 76/|1.56| 1.3 | 0.65 D7 || sow: 2.2 | 0.84 
4| 64] 3-78 8.4 | 1.51] 1.6 | 0.64 2.0 | 0.73 2.6 | 0.84 
7%| 4.26 9.2 | 1.46) 1.8 | 0.65 BeAe ||| eOs 7A 3.0 | 0.84 
5 63} 3.90| 14.8] 1.95] 1.9 | 0.69 2.4 | 0.78 3.1 | 0.89 
9)| 5.30| 17.8 11:83) -2.5 |) 0.68 B 2h | £0278 4.1 | 0.88 
8 | 4.76| 26.0)2.34| 2.7 | 0.74 | 3.4 | 0.84 | 4.2 | 0.93 
6|104| 6.18 | 30.2 |2.21] 3.3 | 0.73 4.2 | 0.82 (eM seKey? 
13 | 7.64 |. 34.6 | 2.13] 4.2 | 0.74 5-3 | 0.83 6.6 | 0.93 
94 yO | 42.22.72) © 3.7 10.80 4.5 | 0.89 5.6 | 0.99 
7\124| 7.20| 48.4 |2.59} 4.4 | 0.78 5.5 | 0.87 6.7 | 0.97 
143} 8.68} 54.4.|2-50] 5.3 | 0.78 6.6 | 0.87 8.1 | 0.97 
113| 6.70] 64.6|3.11) 4.9 | 0.85 6.0 | 0.94 Ween TOS 
8 |133| 8.08 | 72.0] 2.98) 5.6 | 0.83 6.8 | 0.92 8.3 | 1.01 
163] 9.56| 79.8|2.89] 6.5 | 0.83 8.0 | 0.91 9.8 | 1.01 
133| 7-78 | 94.6|3.49| 6.4 | 0.90] 7.7 | 0.99 | 9.3 | 1.09 
g|1s | 8.82 | 101.8 | 3.40] 7.0 | 0.89 8.4 | 0.97 | 10.1 | 1.07 
20 | 11.76 | 121.6 | 3.21; 8.9 | 0.87 | 10.0 | 0.96 | 13.1 | 1.05 
15 | 8.92 | 133-8 | 3-87| 8.2 0.96 9.8 | 1.05 | 11.6 | 1.14 
20 | 11.76 | 157.4 | 3-66] 10.0 | 0.92 | 12.0 | 1.01 | 14.3 | 1.10 
10 |25 | 14.70 | 182.0 | 3.52) 12.4 | 0.92 | 14.9 | 1.00 | 17.9 | 1.10 
30 | 17.64 | 206.4 | 3.42} 15.2 | 0.93 | 18.4 | 1.02 } 22.1 | 1.12 
35 | 20.58 | 231.0 |3.35| 19.2 | 0.96 | 23.1 | 1.06 | 27.6 | 1.16 
203| 12.06 | 256.2 | 4.61; 13.4 | 1.05 | 16.1 | 1.15 | 18.8 | 1.24 
25 | 14.70 | 288.0 | 4.43] 15.8 | 1.03 | 18.5 | 1.12 | 21.7 | 1.21 
12/30 | 17.64 | 323.4 | 4.28] 18.5 | I.02 | 21.7 | 1.1L | 25.5 | 1.20 
35 | 20.58 | 358.6 | 4.17| 21.7 | 1.02 | 25.5 | 1.11 | 30.1 | 1.21 
40 | 23.52 | 394.0 | 4.09) 25.5 | 1.04 | 30.1 | 1.13 | 35-4 | 1.22 
33 | 19.80 | 623.2 | 5.62) 28.8 | 1.20 | 33.1 | 1.29 | 38-0 | 1.38 
35 | 20.58 | 640.0 | 5.58] 29.8 | 1.20 | 34.1 | 1.28 | 39.1 | 1.38 
40 | 23.52 | 695.0 | 5.43| 33.1 | 3.18 | 38.1 | 1.27 | 43-8 | 1.36 
1545 | 26.48 | 750.2 | 5.32] 37.1 | 1.18 | 42.6 | 1.26 | 49.1 | 1.36 
50 | 29.42 | 805.4 | 5.23] 41.2 | 1.18 | 47.7 | 1.27 | 55.0 | 1.36 
55 | 32.36 | 860.4 | 5.16) 46.1 | “1.19 | 53.2 | 1.28 | 61.4 | 1.37 
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TABLE 23 
PROPERTIES OF EquaL LeG ANGLES 


Distance 
from 
Center 
of Gravity 
to Back 
of Angle 


Least 
Radius of 
Gyration 


Moment 
of Inertia 


Ih 


Inches 


106.56 


102.31 
97-97 
93-53 
88.98 
84.33 
79.58 
74.72 
69.74 
64.64 
59:43 
54.09 
48.63 


35-46 
33-72 
31.92 
30.06 
28.15 
26.19 
24.16 
22.07 
19.91 
17.68 
15.39 


19.64 
18.71 
17.75 
16.76 
15.74 
14.68 
13.58 
12.44 
11.25 
10.02 


8.74 


8.14 
7-67 
7.17 
6.66 
6.12 
5.56 
4.97 
4.36 
3-72 


3.04 , 


45 


Modulus 


Radius of 


Gyration 


T1 


Axis 3-3 | 


T3 


Inches 


2.40 
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TABLE 23.—Continued 


PROPERTIES OF EquaL LEG ANGLES 


1 Vi Maximum 
‘a 4 : S = Bending 
eel ecole bes “trom PG Radius of | @foment 
&§ Ki =o 5 ee "7 Gyration Lb. per 
re) Vi 
Pe 3 8 to Back 3 F Sq. In. 
o a fo) gle ———— 
s M 3 M f| Section | Radius of : : 
v s fueria- |-Medaius"| Gymsion | 72S oan 
x lh Si T1 Te Mi 
Inches Anches | Pounds | Inches? Inches Inches Inches? Inches Inches as 
aX3a i8 E7at 5.03 L077 ise BOS 1.02 0.67 3 000 
3 16.0 4.69 Tags 4.96 2.11 1.03 0.67 2 810 
iz 14.8 4.34 1.12 4.65 1.96 1.04 0.67 2 610 
5 13.6 3.98 1.10 4.33 1.81 1.04 0.67 2 410 
1s 12.4 3.62 1.08 3-99 1.65 1.05 0.68 2 200 
4 IL.1 3.25 1.06 3.63 1.49 1.06 0.68 I 990 
as 9.8 2.87 1.04 3.26 1.32 1.07 0.68 1 760 
3 8.5 2.48 1.01 2.87 1.15 1.07 0.69 I 530 
5. 
7.2 2.09 99 2.45 .98 1.08 0.69 I 310 
+ 5.8 1.69 97 2.01 79 1.09 0.69 I 050 
1s 44 I | 94 ne .60 1.10 fo) be ee 
& 3.64 1.0 93 1.31 51 1.10 0.69 fo} 
3x3 § 11.5 3.36 98 2.62 1.30 88 57 I 730 
is 10.4 3.06 95 2.43 I.19 89 58 I 585 
2 9.4 2.75 93 2.22 1.07 go 58 T 430 
is 8.3 2.43 gI 2.00 95 gi 58 I 270 
2 7 2.11 89 1.76 83 gt 58 I 110 
vs 6.1 1.78 87 1.51 Hf 92 59 950 
Fi 4.9 1.44 84 1.24 58 93 59 77° 
is 3-71 | 1.09 = 2 44 94 oe 590 
8 2.50 0.74 ie) 5 30 95 400 
23X22 3 8.0 2.50 87 1.67 .89 82 534.) 0 too 
ae 7.6 2.22 85 1.51 79 82 53 I 050 
3 6.6 1.92 82 1.33 -69 83 55 920 
vy 5.6 1.62 80 T.1s 59 84. 54 790 
z 4.5 1.31 78 95 -48 85 54 640 
is 3-39 | 1.00 76 73 37 86 54. 490 
t 2.29 0.68 73 As 25 87 55 330 
23X23 2 77 2.25 81 1.23 -73 -74 47 970 
as 6.8 2.00 78 I.11, 65 74 48 870 
3 59 1.73 76 98 “57 75 48 760 
is 5.0 1.47 74 85 48 76 48 640 
4 4.1 1.19 72 +70 +39 77 49 530 
7 Be oe 2 ALS 3 30 zs 49 400 
2.08 I 7, 3 .20 9 50 270 
24X24 3 6.8 2.00 74 87 58 66 43 770 
Ts 6.1 1.78 72 79 hz) .67 43 690 
3 5.3 1.55 79 .70 45 67 43 600 
ve AL 1.31 68 61 39 .68 44 520 
z 3.62 1.07 66 51 +32 69 44 430 
as Bias 8r 63 39 24 -70 44 320 
4 1.86 55 61 27 .16 71 45 220 
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TABLE 23.—Continued 


PROPERTIES OF EQuaL LEG ANGLES 


Distance te Least 
from 5 Radius of 
Center 2 Gyration 
of Gravity 
to Back 
of Angle 
Moment Section Radius of 
of Inertia | Modulus | Gyration 


Size of Angle 
Thickness 
Weight per Foot 
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TABLE 24 


PROPERTIES OF UNEQUAL LEG ANGLES 


Vertical 
Vertical 


Moment of Section Radius of 
Inertia Modulus Gyration 


of Longer Leg 
Distance from Center 
of Shorter Leg 


of Gravity to Back 

Maximum Bending 

Maximum Bending 
Moment @ 16,000 Lbs. 


of Gravity to Back 
Moment @ 16,000 Lbs. 


Size of Angle 
per Sq. In. Long Leg 


Distance from Center 
per Sq. In. Short Leg 


Weight per Foot 


Axis |. Axis is | Axis i is | Axis 
I-t | 2-2 2 3-3 


Tangent of Angle a 
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TABLE 24.—Continued 
PROPERTIES OF UNEQUAL LEG ANGLES 


@ 16,000 Lbs. 
per Sq. In. Long Leg 
Vertical 


Moment of Radius of 
Inertia Modulus Gyration 


Size of Angle 
of Longer Leg 
Distance from Center 
of Shorter Leg 
/ Vertical 


Thickness 


Distance from Center 
of Gravity to Back 
of Gravity to Back 
Maximum Bending 
Maximum Bending 

Moment @ 16,000 Lbs. 
per Sq. In. Short Leg 


Weight per Foot 


Axis | Axis | Axis is | Axis 
2-2 | I-1 | 2-2 2-2 
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Si T2 


In, 


= 
5 


Iss 
loa 


Ibe] 


+) 
‘| 


+ 
2 


psec 


HI 
() 


ecetors fies 
Re HYD DY HWWWWY 


oe olea) 


bs 
jos 


4 


Ime 
* 


oR 
nO 
a 
fe) 

bb YHoOWwWWAL 


ceolaoj' ocx! 


w 


ele 
veo lesoolsa 


= 
* 


| 
‘| 


HPOWWAAUM AD 
Ae EDDY HH HWY 


lercaleota aestis'| ocnlen 


Cele 
valeotales 


la 
* 


sesh cojenth 


Ow ROH 
WN aM 
i eameat 
o0o00 


1] 

=| 

BS 
fe) 


bd 
Ke) 
Ke) 

fe} 


Se ie ie Sy 


Senora 
v 
uw 
dS 
fe) 


TABLE 24.—Continued 
PROPERTIES OF UNEQUAL LEG ANGLES 


124 
16,000 Lbs. 


Vertical 
Vertical 


Moment of Section Radius of 
Inertia Modulus Gyration 


of Longer Leg 
Distance from Center 
of Shorter Leg 


Thickness 


of Gravity to Back 
Maximum Bending 


of Gravity to Back 
Moment @ 16,000 Lbs. 


Size of Angle 
Maximum Bendin; 


Moment @ 


Distance from Center 
per Sq. In. Long Leg 


per Sq. In. Short Leg 


Weight per Foot 


Axis i is | Axis | Axis | Axis | Axis 
pet Pees em gai Pe} 


Tangent of Angle a 
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TABLE 24.—Continued 


PROPERTIES OF UNEQUAL LEG ANGLES 


u ry barsl® gb oO a 

FEREEE st, ead | gag 
‘ 3 Om gOm BaT s | $82 | B8e_ 
3 fe go yls oe Lio feaie, 8 | #288 | aeg8 
a 3 g jHeeees : & | $685 foah 
‘S af a {g 2318 aa Moment of | Section Radius of is aoe | aoe 

R ie) § os 80's Inertia Modulus Gyration 2 4 5 Ae ¥ A ch 

os = Ae A° | Axis | Axis | Axis | Axis | Axis | Axis| Axis! & | 28 3 268 

I-I | 2-2] I-t | 2-2 | 1-5 | 2-2 | 3-3 é a a 
X1 X2 ih Ie Si Se T1 T2 T3 Me Mi 
In. 

$ | 6.6] 1.93] .50 | 1.25] 57 | 2.36] .38 | 1.05] .54 | 1.11] .43 |.324| 1 400 500 

te | 5-6] 1.63] .48 | 1.23] .49 | 2.02] .32 | .89| .55 | 1.12] .43 329 |. I 190 430 

z | 4-5] 1.32] -46 | 4.21] 41 | 1.67] .26 | .72| .56 | 3.13] .43 | .335 960 350 

te | 9-0] 2.64] -59 |1.21]-.75 | 2.641 .53 | 1.30] .53 | 1.00] .44 |..... I 730 700 

a 8.1 | 2.38] .57 | 1-19] .69 | 2.42] .48 | 1.17] .54 | 1.01] .44 |..... I 560 640 

is |) 7-2) 2.11 || 54 |11.17| .62 | 2.18) .43 | 1.05 | 64 ; 1.02| .44 |..... I 400 570 

5 Gigi eS3i 52 TarS | ege limo2 "37 | orl 5s Wt.02.|)n44 |oiben I 210 500 

Toms GT-55 50 122/248 t.6F 1.82 | 77 1-66 || 1203 || 45 Io... I 020 430 

2 | 4-3} 1-25] -48 | 1.09] .40 | 1.36] .26 | .63] .57 |1.04| .45 |.369/ 840 350 

32X18 | ve | 2-99] 88] .34 | 1.16] .17 | .98| .13 | .47]| 44 | 1.05] .35 |..... 630 170 
-3X248| is |10.1 | 2.96] .88 | .98 |2.01 | 2.37 |1.04 | 1.17] .82 | .go] .54 |..... I 560 | I 390 
3X248| ve | 9-8 | 2.89] 84 | .99 1.76 | 2.38] .95 | 1-17] -78 | .o1| «55 |...-- I 560 | I 270 
3X23 | te | 9-5 | 2.78] .77 | 1.02 |1.42 | 2.28] .82 | 1.15] .72 | .o1| .52 |.661| 1 530 | 1 090 
% | 8.5 | 2.50] .75 | 1.00|1.30 | 2.08] .74 | 1.04] .72 | .o1] .52 | .666| 1 390 990 

zs | 7-6 | 2.22] .73 | .98|1.18 | 1.88] .66.] .93| .73 | .92] .62.|.672| 1 240 880 

$ | 6.6 |1.92] .71 | .96|1.04 | 1.66] .58 | .81] .74 | .93| .52 |.676| 1 080 770 

is 5.6 | 1.62] .68 | .93] .9o | 1.42] .49 | .69| .74 | .94] .53 | .680 g20 65¢ 

4 | 4-5 [1.31] .66 | or] .74 | 1.17] .40 | .56] .75 | .95| -53 | .68 750 530 

Te | 3-39) 1.00} .64 | 89] .58 | .ot] .31 | -43| 76] .95| -53 |.688| 570 410 

3X2 % | 7.7 | 2.25] .58 | 1.08] .67 | 1.92] .47 , 1-00] .55 | .92| .43 |.414| 1 330 630 
ts | 6.8 |2.00] .56 | 1.06} .61 | 1.73] .42 | .89] .55 | °.93|] .43 |.421| 1 I90 560 

8 | 5-9 | 1-73] .54 | 1.04] .54 | 1.53] .37 | -78| -56 | -94| .43 |.428] 1 o40 490 

is | 5-0 | 1.47] .52 | 1.02]..47 | 1.32] .32 | .66] .57 | .95| .43 | .434 880 430 

4 | 4-1 }1.19] .49 | .99] .39 | 1.09] .26 | .54] -57 | -95| -43 |-440] 720 350 

vs | 3-07] .9f| 47 | .97] .31 84] 20} .41]| .58 95 | -43 | -446 55° 270 

23 X2 % \| 6.8 | 2.00] .63 | .88] .64 | 1.14] .46 | .70] .56 | .75| .42 | .600 930 610 
is | Git hs 78)| WOON S558 5-03) |) Ame eOg |i eb7 |. -76)|).42 | .607 830 550 

$ | 5-3] 1-55] -58 | 83] .52 | .or| 36] -55] 58 | .77| -42 | 614 73° 480 

Real Abap ESS. BSE fide ez (esx diz <58.[ 2078 1.42 44620 630 410 

Z | 3.62} 1.06] .54 | .79| .37 | .65| .25 | -38] .59 | .78|..42 |.626] sro 330 
e275) SE e5E || <7Oil'.29.|sc6%| .20' | 529 79| .43 | .632 390 270 
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TABLE 24.—Continued 


PROPERTIES OF UNEQUAL LEG ANGLES 
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TABLE 25 
AREAS OF ANGLES 


AREAS IN SQUARE INCHES 
DIMENSIONS IN INCHES 


ANGLES WITH EquaL LEGS 


1.19|1.47 
1.06}1.31 


1 5 
4 | 16 


zs | 1 


ANGLES 


15.00 


15.87|16.73 
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TABLE 26 
WEIGHTS OF ANGLES 


ANGLES WITH EquaL LEGS 


WeicutTs In Pounps PER Foor 
Drvenstons 1n INCHES 
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TABLE 27 
OVERRUN OF PENCOYD ANGLES 
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TABLE 28 
OVERRUN OF PENNSYLVANIA STEEL Co. ANGLES 
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TABLE 29. 


CARNEGIE ANGLES. 
Net AREAS AND ALLOWABLE TENSION VALUES IN THOUSANDS OF PounpDs. 
Maximum Fiber Stress, 16,000 Pounds per Square Inch. 


Net Areas and Stresses—Two Holes Deducted. 


Thick- | Weight Are % Inch Rivets. + Inch Rivets. § Inch Rivets. 
ness, | per Foot, : 


Inches. | Pounds. 


Area, Area, Area, 
Tnchest, Stress. Inches?. Stress. Thehed Stress. 


208.0 13.25 
195.8 12.48 
183.7 11.70 
171.5 10.92 
159.0 10.13 
146.6 9.33 
133.8 8.52 
120.8 7.70 
108.0 6.87 
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176.0 11.25 
165.9 10.61 
155-7 9-95 
145.6 9.30 
135.0 8.63 
124.5 7-95 
113.8 7.27 
102.9 6.58 
92.0 5.87 
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TABLE 29.—Continued. 7 
_ CARNEGIE ANGLES. 
Net AREAS AND ALLOWABLE TENSION VALUES IN THOUSANDS OF POUNDS, 


Maximum Fiber Stress, 16,000 Pounds per Square Inch. 


Net Areas and Stresses—One Hole Deducted. 


Size, Lae Sheees Area, } Inch Rivets. 3 Inch Rivets. $ Inch Rivets. 


Inches. | Inches. | Pounds. Inches, 


Area, Area, 
Inches?, SLEGE Inches?, 


Stress, 


8.85 141.6 8.96 143.4 
8.28 132.5 5 134.1 
7.69 ~ 123.0 a 124.5 
7.09 113.4 ; 114.9 
6.48 103.7 F 105.0 
5.87 93-9 : 95.0 
B28 84.0 ' 85.0 
4.62 73-9 . 74-9 
3.98 63.7 : 64.5 
7.10 113.6 ; 115.4 
6.66 106.6 
6.19 99.0 
5-71 91-4 
5.23 ., 83.7 
4-75 76.0 
4.25 68.0 
3-74 59.8 
3-23 51-7" 
4.29 68.6 
3-91 62.6 
3.50 560 
3-09 49-4 
2.67 42.7 
2.25 36.0 
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TABLE 29.—Continued. 
CARNEGIE ANGLES. 
Net AREAS AND ALLOWABLE TENSION VALUES IN THOUSANDS OF POUNDS. 
Maximum Fiber Stress, 16,000 Pounds per Square Inch. 


Net Areas and Stresses—One Hole Deducted. 


Size, Thick- | Weight Area } Inch Rivets. 2 Inch Rivets. § Inch Rivets. 


ness, | per Foot, | 52 
Tacs, Inches. | Pounds. inches. 


Area, Stress, Area, s : Area, 
Inches?, rat Inches?. press) Inches?. Stress. 


13.6 3-98 3-35 53.6 3-43 54-9 3-51 56.2 
12.4 3.62 3.06 _ ‘ 3.13 50.1 3-20 51.2 
Teer 2.75 : 2.81 45.0 2.87 45.9 

9.8 2.43 : 2.49 39.8 2.54 40.6 
8.5 2.10 : 2.15 34.4 2.20 25.2 
7.2 : 1.78 : 1.82 29.1 1.86 29.8 
5.8 I 1.44 4 1.47 23.5 1.50 24.0 
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1.31 d 1.34 21.4 1.37 21.9 
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TABLE 30 
SaFre LoapDs, IN Tons, FoR EquaL LEG ANGLES 


AMERICAN BRIDGE COMPANY STANDARDS 


LENGTH OF SPAN IN FEET 
S1zE oF ANGLE 


I 2 3 4 5 6 b} 8 10 


88” 93-493|46.747|31.164]23.373]|18.699)15.582|13.356|11.687 9.349)8. 
44.640|22.320|14.880|11.160} 8.928] 7.440] 6.377| 5.580 4.464) 4. 
6X6!" 45-707|22.854|15.236|11.427| 9.141] 7.618] 6.529] 5.713 4.571 
18.827 6.276] 4.707| 3.765] 3.138] 2.689] 2.353 1.883 
6! 30.933|15-467/10.311| 7.733] 6.187] 5.156] 4.419) 3.867 3.093 
5 12.907| 6.4 _4.302|_3.227| 2.581 2.151| 1.844] 1.613 1.291 
16.053] 8. 5.351| 4.013] 3.211] 2.676] 2.293] 2.007 1.605 
5-600 ‘ 1.867 1.400] 1.120] .933] _.800) __.700 560] . 
12.000) 6. 4.000] 3.000} 2.400} 2.000} 1.714] 1.500 1.200|T. 
2.720) 1.360] .907|__-680)__.544|__.453) _.388]_.340)__- S27 ZW 
6.933] 3- 2.311] 1.733] 1.387] 1.156] .990| .867| . .693| . 
1.600] _.800] _.533|__-400]_-320|__.267| _ 229] __.200 .160 
4.747| 2. 1.582] 1.187] .949] -791| .679] .593| . 475) . 
T3391) __ 444) 333 207) /-222 ie LOO) LOT ner -133 
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Safe Load in tons of 2000 pounds uniformly distributed, for maximum fiber stress of 16,000 
pounds per square inch. The Safe Load includes weight of Angle. The Safe Load for Angles of 
intermediate thickness can be assumed as approximately proportional to their area or weight. 


TABLE 31 
Sare LoapDs, IN Tons, For UNEQUAL LEG ANGLES 
AMERICAN BRIDGE COMPANY STANDARDS ' 


LENGTH OF SPAN IN FEET 
SizE oF ANGLE 


I 2 3 4 5 6 7 8 9 Io Il 


80.586|40.293|26.862|20.147|16.117|13.431|1I.512|10.073 8.954|8.058 
47-573|23-786|15.857|11-893) 9.515) 7-928 _6.796|_5.946|5.286)4-757)4- 
37.706|18.853|12.568| 9.426| 7.541) 6.284) 5.387] 4.713 4-.189|3.771|3.428)3. 
22.560|11.280| 7.520] 5.640] 4.512] 3 760) 3.222) 2.820 2.567|2.256|2.051 
73.488|36.744|24.496|18.372|14.696|12.500| 10.498 9.186|8.165|7.349|6.681 
16.079] 8.039] 5.359] 4.020] 3.216] 2.679] 2 297| 2.010 1-786)1.608|1.461 
34.312|17-156|11.437| 8.578 6.862| 5.718] 4.901) 4.289)3.812|3.431|3.119]2. 
7.801] 3.900| 2.600) 1.950 1.560] 1.300] I.114| 0.975 0.867|0-780)0.709}0. 

56.427|28.213|18.819]14.107|11.285| 9.404 8.061| 7.053|6.270]5.643|5-130|4. 
15.787| 7-893| 5-262) 3.947] 3-157| 2-631) 2.255! 1-973)1.754|1-579/1-435 
23.093|11.547| 7-698] 5.773] 4-619] 3.845) 3.299 2.887|2.566/2.309|2.099]1. 
6.720| 3.360] 2.240] 1.680) 1.344 1.120 .960| .840] .747|_.672| -611] . 


42.773|21.387| 14.257 10.693 8.555| 7.129| 6.110] 5 347/4-753|4.277/3-888)3. 
20.213|10.107| 6.738] 5.053) 4-043 3.369] 2.888] 2.527/2.246|2 021/1.838)1. 
17.707| 8.853} 5.902| 4.427| 3-541) 2.951) 2.529) 2.213 1.967|1.771|1.609|T. 
8.533] 4-267| 2.844) 2.133] 1-707] 1-422] 1.219 1.067] .948]| .853| -776| - 
41.760|20.880|13.920]10.440| 8.352] 6.960 5.966] 5.220|4.640|4.176|3-796)3. 
15.467| 7-733| 5-156| 3-867| 3.093| 2.578] 2.209|_1.933|1.719|1.546)1.407/T. 
14.613| 7.307| 4.871] 3-653] 2.923] 2.435) 2.087 1.827|1.624|1.461|1.328|1. 
_5.547|_2-773)_1-848 1.386] 1.109] .924| _-792 -693)_.616|_.555)_-504|_- 

26.613|13.306| 8.871] 6.653] 5.323] 4.435| 3-802) 3.327/2-957 2.661|2.418|2. 
17.653| 8.826] 5.884) 4-413] 3-531| 2.942) 2.522 2.207|1.961|1.765|1.605 
12.480] 6.240| 4.160] 3.120] 2.496] 2.080) 1.783 1.560|1.387|1.248/1.13 4/1. 
8.373] _4-186| 2-791} 2-093 1.675) 1.395 1.196| 1.046] .930|_.837 761 
26.026|13.013| 8.675| 6.506) 5.205] 4.338) 3-718) 3.253 2.892|2.603|2.366)2. 
13.440] 6.720) 4.480 33360] 2.688] 2.240] 1.920) 1.680]1.493|1.344/1.222|1. 
10.346| 5.173] 3-449| 2.587] 2.069] 1.724] 1.478} 1.293|1.149|1.035) .941 
5.440| 2.720) 1.813] 1.360) 1.088] .907|__-777 680) .604) .544| .494]_ - 
23.733|11.867| 7-911| 5.933| 4-747| 3-955| 3-390] 2.967|2-637|2.373|2.157]I- 
9.280| 4.640) 3.093] 2.320] 1.856 1.546| 1.326] 1.160|1.031| .928| .843) .773] 
10.080] 5.040] 3.360] 2.520] 2.016 1.680] 1.440] 1.260]1.120|1.008] .931| .840 
4.000] 2.000] 1.333} 1.000 800] .666) .571|__-500) .444| -400 363] .333 
19.306] 9.653| 6.433| 4.827) 3.861) 3.217 2.758] 2.413|2-145|1.931|1-755|1.689 
9.120] 4.560| 3.040] 2.280 1.824| 1.520] 1.303] I.140/1.013] .912| .829 .76C 
8.213| 4.106] 2.738| 2.053) 1.643] 1.369] 1.173) 1.027) .913 .821| .747| .684 
4.000| 2.000] 1.333] 1.000] .800 666] .571| .500] .444] .400| .363] .333 
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“Safe Load in Tons of 2000 pounds uniformly distributed, for maximum fiber stress of 16,000 
pounds per square inch. The Safe Load includes weight of Angle. The Safe Load for Angles of 
intermediate thickness can be assumed as proportional to their area or weight. 
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TABLE 31.—Continued ; 


SaFE LOADS, IN Tons, FOR UNEQUAL LEG ANGLES 
AMERICAN BRIDGE COMPANY STANDARDS 


LENGTH OF SPAN“IN FEET 


S1zE OF ANGLE 


Vertical 
Leg 


rr 2 3 4 7 8 9 10 


15.573|7-787 |5-I91 |3.893 |3.115 |2.595|2.225|1.947]1.730|1.558|I. 
12.267|6.133 |4.089 |3.067 |2. .044|1.752|1.533]1.363|1.227]1. 
6.720|3.360 |2.240 |1.680 |r. ; 960} .840] .747] .672] . 
5-333|2-667 |1:778 |1.333 |I. : .768| .667] .592| .533 
15.307|7-653 |5.102 |3.827 |3. .551|/2.187|1.913}1-701|1.531 
8.960|4.480 |2.987 |2.240 |r. é 1.280 896) . 
5.333|2-667 |1.778 |1.333 |1- ¥ -762) . 4 533 
|_3.200)1.600 |1.067 | 800] . ; -457|_-400} -320| . 
11.627|5.813 |3.875 |2.907 |2. .938|1.661/1.453|1.291|1.163 
4.053|2.026 | 1.351 1.013] . P -599|_-507|_-451|_-405] - 
7.413)3-707 |2.471 11.853 |I. $ 1.059) .927] -824] .741] . 
2.613|1.307| .871] .653] . F -373| -327|.-290] .261| .23 
7-253 |3-627 |2.418 |1.813 |r. 3 1.036] .g07| .806} .725] . 
2.027|1.013 | .675| .507] . i 289] .253| -225] .203 
5.013|2.507 |1.671 |1.253 |I1. 3 -716| .627] .557| .SOl| . 
1.440] .720] .480]| .360] . F .206] .180] .160) .144] . 
11.733|5-867 |3.911 |2.933 |2. A 1.676) 1.467/1.304| 1.173) I. 
8.800] 4.400 |2.933 |2.200 |I. . 1.257) 1.100) -978| .880] . 
4.160]2.080 |1.387 |I.040] . s -594| .520| .462| .416| . 
3.093] 1-547 |1-031|_.773| .619| _.515| .442| .387] -344| -309] - 
9.867} 4.933 |3-289 |2.467 |I. E 1.409|1.233|1.096] .987] . 
5-280|2.640 |1.760 |1.320|1.056| . -754| .660| .587| .528) . 
4.000] 2.000 |1.333 |I.000]| . 3 oe Ete 444] .400] . 
2.187|1.093 | .729| .547] . y, .312| .273] .243] :2I9] . 
5.600|2.800 |1.867 |1.400 |I. Zi -800} . 622] .560] . 
2.027|1.013 | .675] .507| . +338) _.289) . 225] .203| - 
3.840|1.920 |1.280| .960] . : .548| . .427| .384| 134 
1.387] _-693 | -462 | -347|_- é 198] . -154] -149|_- 
6.933|3-466 |2.311 |1.733 ]I. ; -990| . -770| .693 
2.827/1.413 | .942]| .707| .5 -471) .404) . +314] .283 
3-360|1.680 |1.120| .840] .« : 480] . -373|_-336) - 
| 1.387] -693 |_.462] .346]_. Z -198|_.173|_-154|_-148]_- 
2.507|1.253| .835| .627]| . ; 358) . 278] .251 
693] -347'| <23%,|) 173 | .- _ +115] .099| .087|_.077| .069) - 
6.240|3.120 |2.080 |1.560 | 1. ; 891)... 693} .624] . 
5-547|2-773 |1-849 |1.387 |I. ; -792| 616} .555|_-504 

.| 6.240]3.120 |2.080 |1.560 |I. A 891} . -693| .624) . 
5.067|2.533 |1.689 |1.267 |r. : 724) 503), 3507] << 
6.133|3.067 |2.044 |1.533 |I. 4 876] . -681| .613] . 
4.373|2.187 |1.458 |1.093 | « F A , 486) .437| - 
2.293|1-147| .764] .573| .459] - : ‘ .255] .229| .208] . 
1.653| -827] .551| .413| .331| . F : 184] .165] .150} . 
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Safe Load in tons of 2000 pounds uniformly distributed, for maximum fiber stress of 16,000 
pounds per square inch. The Safe Load includes weight of Angle. The Safe Load for Angles of 
intermediate thickness can be assumed as approximately proportional to their area or weight. 
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TABLE 31.—Continued 


Sare Loans, IN Tons, FoR UNEQUAL LEG ANGLES 
AMERICAN BRIDGE COMPANY STANDARDS 


LENGTH OF SPAN IN FEET 
SizE or ANGLES 


Vertical 
Leg 


3 4 5 6 7 8 9 
1.778 |1.333 |1.067 | .889 | .762 | .667]| .592] . 
3X2!" z ¢ -835| .627] .Sor| .418'| .358| .313 | .278 | . 

-729| -547| -437| 365 | 312] .273 | .243 

-355| -267| .213 |] -178 | .152] .133| .118]. 
1.244] .933] -747| -622 | .533 | .467 | 415 
.818] .613| .491] -409 | .350] .307 1272 | « 
.515| .387]| .309] .258 | .221 | .193| .172|. 
RAS 5uh 207 WSL Sue E70! 0521] 033) | RLS 
.818| .613] .491| .409 | .350| .307| .272] . 

427 |_.320| .256]| .213 | .183 | .160} .142| .12 

-515| .387| -309| -258 | .221 | .193 | 4172] - 
_.267 |_.200| .160| .133 | .114| .100 | .089 | . 
-782| .587) .469| .391 | .335 | .293 | .261 
.302 | .227]| .181| .151 | .129| .113 | .101 
.497| .373| -299| -249 | .213 | .187] .166]. 
.195| -147| -117| .098 | .084| .073 | .065 
.409| .307| .245]| .204 | .175] .153 | .136]. 
117} .088 | .070] .059 | .050| .044 | .039 | - 
.960| .720] .576] .480 | .411| 360] 320]. 
462 | .347| .277| .231 | 198) .173 | 154 | - 
409 | .307| .245| .204 | .175 | .153 | 136]. 
3 | -195 |_-147 | -117| .098 | .084 | .078 .065 
604] .453| .363 | .302 | .259] .227| -201 
355 | -267,| -213 | .178))| .152 | .133 | -118 | . 
231 | .173| -139| -115 | .099| .087 | .077 | - 
+133 | .100| .080] .067 | .057| .050| .044 | - 
587 | .440] .352| .293 | 251] .220| .195 
302 | .227) .181]| .151 | .129| .113 | -IOT |. 
320] .240| .192| .160 | .137] .120] .107| - 
.167 | .125 | .100] .083 | .072 | .063 | .056| . 

409 | .307| .245| .204 | .175| .153 | .136]. 

172] .129| .103 | .086 | .074 | .065 | .057 | - 
.320| .240| .192| .160 | .137| .120| .107] . 
.133 | -100| .080} .067 | .057| .050| .044 | « 
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Safe Load in Tons of 2,000 pounds uniformly distributed, for maximum fiber stress of 16,000 
pounds per square inch. The Safe Load includes weight of Angle. The Safe Load for Angles 
of intermediate thickness can be assumed as proportional to their area or weight. 


TABLE 31.—Continued 
SaFE Loaps, In Tons, For UNEQuAL Lec ANGLES 


AMERICAN BRIDGE Company STANDARDS 


LENGTH OF SPAN IN FEET 
S1zE oF ANGLE 


2 7 8 9 


-480 | . A 5 é -137 | .120 | .107 | . 
| -253 | - : 5 A 072 | .063 | .056| . 
25 Tile ; 4 : .072 | .063 | .056 

139] - : 1055 |. 040 | .035 | .031 
-453 |. ; z ; +129 | .113 | .101 | « 
2208 5 5 ‘i 059 | .O5T | .046 | « 
.248 | f A F -O71 | .062 | .055 
SUES F 046 |. -033 | .029 | .025 | . 
426]. ‘ é i -122 | .107 | .095 
|-301 | - A é 5 .086 | .075 | .067 
267]. 3 : j .076 | .067 | .059 
LOS is i d K .056 | .049 | .043 
-283 |. i; 3 : O81 | .071 | .063 
13/1" E57) = : < J +045 | .039 | .035 
SpA (3 : d : 044 | .038 | .034 
085 | « 043 |. i -024 | .021 | .o19 
216]. : ‘ A 062 | .054 | .048 | . 
093 | - a ; F .027 | .023 | .o21 
.149 |. : é : 043 | .037 | .033 
.069 | .046 | . 028 |. .020 | .O17 | .o15 
M25 x 4 : .036 | .031 | .028 | . 
064 | . .032 | . : 018 | .016 | .o14 | . 
wE2SH" Fi : | .036 | .032 | .028 | . 
072 |. .036 | . : .020 | .018 | .016 | . 
«LIN. e i . 032 | .028 | .025 
.067 | ‘ 4 O19 | .O17 | .O15 
.080 | . | < . .023 | .020].018 | . 
2045 | - : ‘ : | .013 | .oTr | oro}. F 007 
-109 | « 5 : x -031 | .027 | .024 | . 
-045 | .030 | . i : 013 | .O11 | .o10 | . i .007 
077 |. k : : 022 | .019 | .o17 | . 

.032 |. 4 i 3 -009 | .008 | 007 | - r +005 
1045 | - “ ' .013 | O11 | .o10 | E .007 
O14 | . : al J 004 | .004 | .003 | . : 002 
059 | . s : : O17 | .015 | 013 
048 | .024 | . 5 d 4 .007 | .006 | .005 | .005 |. +004. 
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Safe Load in tons of 2,000 pounds uniformly distributed, for maximum fiber stress of 16,000 
pounds per square inch. The Safe Load includes weight of Angle. The Safe Load for Angles of 
intermediate thickness can be assumed as approximately proportional to their area or weight. 


64 


J TABLE 32. 
Moments or INERTIA OF Four ANGLES WITH Equa Lrcs, Axis X—X. 


Moments of Inertia For Distances 
of Four Angles, Measured 
Axis X-X, from 

Equal Legs. Back to Back. 


2h’ x 2} 3” & 3! 


ts’! Ve ws!’ i ys” yr Thick. Fa te!’ ad 
360 | 4. 5.88 | 6.92 | 8.00 .oo |Area4|s| 5. : 8.44 72: ||| TE.00' | Tz:2. 13.44 
o 9 9 4 3 


Moments of Inertia About Axis X-X, In.4. a’ of Inertia About Axis X-X, In.4, 


80 
88 
96 
104 
114 
123 
133 
143 
154 
165 
177 
189 
201 
108 214 


IIS 228 
123 241 
131 256 
139 279 
147 285 
155 300 
164 316 
173 333 
183 349 
192 366 
202 384 
212 : 402 
222 420 
233 439 
244 
255 478 
266 
278 
290 
140 302 
146 | 191 314 
I5i | 198 Bai 
157 | 206 339 
163 | 214 352 
169 | 222 318 | 366 
175 | 230 33° | 379 
182 | 238 342 | 393 
188 | 246 354 | 407 550 


17") 22 |) 27 35 
TQM 257 )|) | 39 39 
28 44. 
48 
53 
58 
64 
69 
75 
81 
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We[oo boil 
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to) ODO00 DHDOANNNN AD 


We [coRo] i 


5 
5 
6 
6 
6 
6 
7 
7 
i 
7 
8 
8 
8 
8 
9 
9 
9 
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Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 


TABLE 32.— Continued. 
Moments or INERTIA OF Four ANGLES witH Equa Lrcs, Axis X—X. 


For Distances 
Measured 
from 


Back to Back. 


Moments of Inertia 
of Four Angles, 
Axis X-X, 
Equal Legs. 


SCS seek Caen oe 


336" 334" 
a ye’ A 3’ ce Hee Thick. q is’ Pd 3!’ a" ” 
9-92 | 11.48] 13.00] 14.48] 15.92 | 17-36 |Area4|s| 9.92 | 11.48 | 13.00 14.48 15.92 £7-36 


Moments of Inertia about Axis X-X, In.4, da’ Moments of Inertia about Axis X-X, In.4, 


> 
lal 
oe 
& 
> 
ie 
wn 


S 
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‘97| 109] I19] 129] 139 836| 961} 1083] 1201] 1314] -1426 
105 | 118] 129 858| 987] 1112] 1234] 1350] 1466 
114 | 127] 139 1026 | 1181 | 1332] 1477| 1617} 1756 
122 |137| 150 1052|1210| 1364] 1514] 1657] 1800 
131 | 147] 161 1237|1424| 1606] 1782] 1952] 2121 
141 | 157] 173 1265 |1456| 1642} 1823| 1997} 2169 
150 | 168] 185 1467 | 1690] 1907] 2117] 2319| 2521 
161 | 180] 198 1498|1725| 1946| 2161| 2367] 2573 
171 | 192] 211 1718 | 1979 | 2234] 2480] 2718] 2955 | 
182 | 204] 224 1750 | 2016| 2276] 2528] 2770] 3011 
193 | 216] 238 1988 | 2291 | 2586] 2872] 3149] 3424 
205 | 229) 253 2023 | 2331 | 2632] 2923] 3205] 3485 
217 | 243 | 267 2278 | 2625 | 2965] 3294| 3611 | 3927 
229 | 257 | 283 2315 | 2669] 3014] 3348| 3671| 3993 
241 |271| 299 2588 | 2983 | 3370| 3744| 4106| 4466 
254 | 285 | 315 2628 | 3030| 3422| 3802] 4170] 4535 
268 | 301 | 332 2917 | 3364 | 3800) 4223] 4632] 5039 
281 | 316 | 349 2960 | 3413 | 3856) 4285 | 4700) 5113 
295 | 332| 366 3267 |3768| 4257) 4731| 5190) 5646 
310 385 3312 |3820| 4316] 4797| 5262) 5725 
325 403 3636 | 4194 | 4740] 5268] 5780] 6289 
340 422 3684 | 4249| 4802) 5337] 5856| 6372 
355 441 4025 | 4644) 5248) 5834| 6401| 6966. 
371 461 4075 | 4702 5907 | 6481| 7053 
387 481 69 4434 | 5117 6429 | 7055| 7678 
404, 502 4487 | 5177 6505} 7139| 7769 
421 523 4863 | 5612 7053 | 7740| 8425 
438 545 4918 | 5776 7133 | 7828| 8520 
456 567| 6 5312 | 6131 7706 | 8457| 9206 
474 590 5369 | 6197 779° | 8549 | 9306 
492 613 5780 | 6672 8388 | 9206 | 10022 
Sir 636 5840 | 6742 ,| 8475 | 9302 | 10127 
530] 596] 660 6269 | 7237 9099 | 9987 | 10873 
549 685 6331 | 7309 918g | 10087 | 10982 
569 709 6777 | 7824 9838 | 10800 | 11758 
589 735 6842 | 7899 9933 | 1ogo4 | 11872 
609 760 7305 | 8435 10607 | 11644 | 12679 


[Cobol 


Wlcoroleale 


WDO0no WANMWDoNIN 


ROHS 


631 787 7372 | 8513 10705 | 11752 | 12796 
740 924. 7853 | 9068 T1405 | 12521 | 13634 
763 953 7923 | 9149 11507 | 12633 | 13756 
787 982 8421 | 9724 12232 | 13429 | 14623 
S811 1012 8494 | 9808 12338 | 13546 | 14751 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 
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TABLE 32.—Continued. 
Moments oF INERTIA OF FouR ANGLES witH Eouat Lrcs, Axis X—X. 


Moments of Inertia 
of Four Angles, 
Axis X-X, 
Equal Legs. 


For Distances 
Measured 
from 


Back to Back. 


eee eee 


Size. 


Thick, at Be va" Wr we! an Thick. MG vat ed Ps!’ ; grr pay ay 


4 


Area 4[s| 9.60 | rx.44 | 13.24 | 15.00 | 16.72 | 18.44 Area 4[s| 11.44 | 13.24 | 15.00 16.72 18.44 20.12 21.76 


dv Moments of Inertia About Axis X-X, In.4, Moments of Inertia About Axis X-X, In.4, 


og} 128] 146 179} 195]- 1398] 1612] 1819] 2016] 2215] 2408] 2595 
DEZWI37 | 157 192 1430] 1648] 1860] 2062| 2267] 2463] 2656 
125| 146] 168 205 4 | 1661) 1915] 2162] 2398] 2636] 2866] 3089 
133| 156] 179 219 1695] 1955| 2208] 2448] 2692] 2926] 3155 
141] 166] 191 234 1946| 2245] 2536) 2813] 3093] 3364| 3627 
150| 177] 203 249 2 | 1984) 2289] 2585) 2868] 3154] 3429] 3697 
159| 188] 215 2255| 2602] 2939] 3262| 3587] 3902] 4208 
169} 199} 228 2295| 2648] 2992] 3320] 3652] 3972| 4283 
179| 211| 241 2586] 2985] 3373} 3744] 4118] 4481| 4832 
189 | 223| 255 2629| 3035] 3429| 3807] 4188] 4556| 4914 
199} 235] 269 2941| 3395| 3836] 4259] 4686] 5099] ssor 
210| 248] 284 2986] 3448) 3896] 4326| 4760] 5179] 5587 
221} 261} 299 3318) 3831| 4329] 4808] s290] 5758] 6212 
232) 274] 314 3367| 3887; 4393| 4879| 5369) 5843| 6304 
243 | 288] 330 3718) 4293 5391 | 5932] 6457) 6968 
255] 302} 346 3769| 4353 5466 | 6016| 6548] 7065 
267| 316] 363 4141] 4782 6007| 6610] 7197| 7767 
280| 331] 380 4195| 4845 6086 | 6699| 7292] 7869 
293| 346| 397 4587| 5297 6656 | 7325 | 7976| 8609 
306 | 362} 415 6 4644) 5364) 6064] 6739| 7418| 8077| 8717 
319) 377) 434 5055} 5839 7338 | 8078 | 8796) 9495 
333 | 394) 452 5115] 5909 7426 | 8175 | 8902} 9609 
347| 410] 471 5547| 6408 8055 | 8867] 9656 | 10424 
361 | 427) 491 609 z | 5610) 6481 8146 | 8969| 9767 | 10543 
376| 444) 511 6061} 7003 8804 | 9693 | 10557 | 11397 
390| 462] 531 660 6127| 7079 8900 | 9799 | 10672 | 11522 
406 552 6599) 7624 9587 | 10555 | 11497 | 12413 
421 573 6667| 7703 9687 | 10667 | 11618 | 12544 
437 |: 595| 6 7159) 8272 10404 | 11455 | 12478 | 13473 
453 617 7231) 8355 10508 | 11571 | 12604 | 13609 
469 639 7742| 8946 11253 | 12392 | 13499 | 14577 
486 662 7816] 9032! 11362 | 12512 | 13630 | 14718 
503 6} 685 8348} 9647 12137 | 13365 | 14561 | 15724 
520 709 8425] 9736) 12250 | 13490 | 14696 | 15870 
6x1 ' 834 8977! 10374. 13054 | 14375 | 15662 | 16914 
630 850 9057|10467| 13170 | 14505 | 15803 | 17066 
649 886 60 9629|11128 14004 | 15423 | 16804 | 18148 
669 913 9712|11224 14125 | 15557 | 16950 | 18306 
793 1084. 10303|11908 14987 | 16507 | 17986 | 19426 
825 III4 10389 12007 15113 | 16646 | 18137 | 19589 
976 1335 IIOOI|12715 16004. | 17628 | 19208 | 20747 
1010 1369 11089 12817 16134 | 17771 | 19364 | 20915 


TABLE 32.— Continued. 
Moments OF INERTIA OF FouR ANGLES WITH EquaL Lecs, Axis X-X. 


Moments of Inertia For Distances 


of Four Angles x exe Measured 
Axis X-X, im aa from 
Equal Legs. Back to Back. 


Thick. 5 ee a” }’ $!/ a” Thick. ra te" 4” fs’! ” } ta” Fa 
Area 4|s| 14.44 | 16.72 | 19.00 | 2.24 23.44 |Area4|s| 14.44 16.72 19.00 | 21.24 23-44 | 25.60 | 27.76 
d’’ |Moments of Inertia About Axis X-X, In.4, d/’ Moments of Inertia About Axis X-X, In.4, 


28% | 2377] 2743| 3107| 3457| 3802| 4139) 4474 
283 | 2423] 2797| 3168] 3524 | 3877| 4220] 4562 
105 250| 287] 322] 355] 387] 302 | 2759] 3185] 3608| 4016] 4419] 4811] 5201 
tof | 264] 303] 341] 375 | 410] 30% | 2809| 3243] 3674] 4089| 4499] 4899] 5296 


II 279 | 320| 360] 396] 433 | 32% | 3170| 3660) 4148| 4618| 5082) 5434| 5984 
lig 294! 337| 379) 418 | 457 | 323 | 3224] 3722| 4218] 4696] 5168) 5628) 6086 
IIz | 309] 355 | 400) 441 | 482 | 34% | 3610] 4169) 4725) 5262] 5792| 6309) 6823 
11g | 325] 373 | 420] 464 | 507 | 342 | 3667] 4235] 4800] 5345| 5884] 6409] 6932 


12 342 | 392) 442) 488 | 533 | 365 | 4079| 4712] 5341) 5049| 6549| 7134] 7717 
124 359| 412| 464] 512 | 560] 36% | 4140] 4782] 5420] 6037] 6646| 7241] 7833 
123 | 376] 432] 486] 537 | 588 | 38% | 4577] 5287] 5994| 6678) 7352) 8011) 8667 
12i | 394| 452] 510| 563 | 616] 383 | 4641| 5361 | 6078| 6772] 7456) 8124| 8789 


13 412} 473] 533°} 589 | 645 | 402 | 5103] 5896) 6686} 7449] 8203) 8939) 9672 
13¢ | 431] 495 | 558) 616 | 675 | 402 | 5171| 5975) 6775| 7549] 8313| 9059] 9802 
132 | 450} 517] 583) 644 | 705 | 42% | 5659| 6539] 7415| 8264| 9100] 9918 | 10733 
13% | 469] 540] 608] 673 | 7371 42% | 5730| 6622] 7509] 8368] 9216 | 10044 | 10869 


14 489 | 563) 634| 702] 769 + | 6243] 7215| 8182] 9120| 10045 | 10949 | 11849 
144 510} 586] 661] 731 | 801 | 44% | 6318] 7302] 8281] 9230} 10166 | 11081 | 11992 
143 531 | 610] 689} 762 | 835 | 46% | 6857] 7924 8988 | 10019 | 11036 | 12030 | 13021 
142 BS2u O35") 7077038 869 | 463 | 6935] 8015] gogt | 10135 | 11163-|/12169 | 13171 


15 574| 660) 745] 825 | 904 | 48% | 7499] 8667] 9831 | 10961 | 12074 | 13163 | 14248 
15t | 596] 686] 774] 857 | 939 | 483 | 7581] 8762] 9939 | r108x | 12207 | 13308 | 14405 
157 | 619] 712] 804] 890] 976} 50% | 8170] 9443 | 10712 | 11945 | 13159 | 14347 | 15531 
154 | 642 739) 834) 924 | 1013 | 502 | 8256] 9543 | 10825 | 12071 | 13298 | 14499 | 15695 


16 666 | 766} 865] 958 | 1051 | 52% | 8870| 10253 | 11632 | 12971 | 14291 | 15582 | 16869 
16¢ | 690] 794] 897] 993 | 1089 | 523 | 8959 | 10357 | 11750 | 13103 | 14436 | 15740 | 17040 
165 715 | 822] 929] 1029 , 1129 | 54% | 9598} 11096 | 12589, 14040 | 15470 | 16869 | 18263 
163 739 | 851 | 961 | 1065 | 1169 | 543 | 9692 | 11204 | 12712] 14177 | 15621 | 17033 | 18441 


18 871 | 1003 | 1134] 1257 | 1380 | 56% | 10356 | 11973 | 13585 | 15152 | 16696 | 18206 | 19712 
18% | 899 | 1035 | 1170 | 1298 | 1424 | 564 | 10453 | 12085 | 13712] 15294 | 16852 | 18377 | 19897 
183 927 | 1068 | 1207 | 1339 | 1469 | 584 | 11143 | 12883 | 14618] 16306 | 17968 | 19595 | 21217 
18$ | 956] rror | 1244 | 1380 | 1515 | 584 | 11243 | 12999 | 14750| 16453 | 18131 | 19772 | 21409 


20; | 1137 | 1310] 1481 | 1645 | 1806 + | 11958 | 13827 | 15690| 17502 | 19288 | 21035 | 22777 
203 | 1169 | 1347 | 1523 | 1691 | 1857 + | 12062 | 13947 | 15826 | 17655 | 19456 | 21219 | 22976 
22% | 1403 | 1618 | 1831 | 2034 | 2235 | 624 | 12802 | 14804 | 16799 | 18741 | 20654 | 22526 | 24393 
223 | 1439 | 1659 | 1877 | 2085 | 2292 | 624 | 12910 | 14928 | 16940 | 18899 | 20828 | 22716 | 24599 


24% | 1699 | 1960 | 2218 | 2466 | 2710 | 64% | 13676] 15814 | 17946 | 20023 | 22067 | 24069 | 26065 
243 | 1738 | 2005 | 2269 | 2523 | 2773 | 64% | 13787] 15943 | 18093 | 20186 | 22247 | 24265 | 26278 
26% | 2023 | 2335 | 2644 | 2940 | 3233 | 66% | 14578 | 16858 | 19132 | 21347 | 23527 | 25662 | 27792 
263 | 2066 | 2384 | 2700 | 3002 | 3302 | 662 | 14693 | 16991 | 19283 | 21515 | 23713 | 25865 | 28012 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 
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Axis X-X, 


Equal Legs. 


Moments of Inertia 
of Four Angles, 


TABLE 32.— Continued. 
Moments or INERTIA OF Four ANGLES wiTH EquaL Lxcs, Axis X—X. 


| 
| 
Ae = 


>i 


For Distances 
Measured 
from 


Back to Back. 


Size. 6" x 6 

Thick. a Ye’ Ph fs!’ grr wy a 2” ae 1 xy 

Area4|s| 17-44 20.24 23.00 25.72 28.44 31.12 33-76 36.36 38.92 41.48 44.00 

Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, In.4. 

123 432 | 497| 560] 618| 678| 735] 787| 840] 89% 942 | 990 
147 586 675 762 842 924} 1004 | 1077] 1151 | 1223 | 1293 1362 
FAs | 610 703 793 | ‘878 963 1046 | 1123 1200 | 1275 1349 | 1421 
165 795 917 | 1035 | 1147 | 1260] 1370] 1472) 1575 | 1675 | 1773 | 1869 
16 824 950 | 1072 | 1788 | 1306 | 1420] 1526] 1633] 1737] 1839] 1938 
18} 1039 | 1199 | 1354 1502 | 1652 1797] 1934 | 2071 | 2205 | 2336 2464. 
183 1072 | 1237 | 1398 1551 1705 1855 1996 | 2138 | 2276 | 2412 | 2545 
204 1317 1521 1720 1910 2101 2288 2464 2640 2812 2982 3147 
20k | 1354 | 1564 | 1769 | 1964 | 2161 | 2353 | 2535 | 2716] 2894 | 3069 | 3239 
225 1631 | 1884 | 2131 | 2368 | 2607 | 2840 | 3061 | 3282 | 3497 | 3711 | 3919 
Do 1672 1932 | 2186 | 2429 | 2674 | 2913 3140 | 3367 | 3589 | 3808 | 4021 
242 | 1979 | 2287 | 2589 2878 | 3170 | 3455 | 3726} 3996| 4261 | 4523 | 4778 
24% | 2025 | 2341 | 2649 | 2946 | 3244 | 3536] 3813 | 4091 | 4362 | 4630] 4892 
264 | 2362 | 2731 | 3092 | 3440 3789 | 4131 | 4458 | 4784] 5102 | 5417 | 5725 
26% | 2412 | 2790 | 3159 | 3513 3871 | 4220] 4554 | 4887 | 5212 | 5535 | 5850 
28% 2780 | 3216 | 3642 | 4053 | 4466 |) 4871 | 5258 5644 | 6021 | 6395 | 6761 
28% | 2835 | 3279 | 3714 | 4133 | 4555 | 4967 | 5362 | 5756| O6r41 | 6523 | 6896 
30% | 3233 | 3740) 4237] 4717 | 5200 5672 | 6125 | 6576 | 7o17 | 7456 | 7884 
gov | 3292 | 3809 | 4315 | 4804 | 5295 5776 | 6238 | 6698 | 7147 | 7594 | 8031 
32a | 3721 4300 | 4879 | 5433 | 5990] 6535 | 7060 | 7581 | 8092 | 8599 | 9095 
323 | 3784 | 4379 | 4962 | 5526 | 6093 | 6648 | 7181 | 7712 | 8232 | 8748 | 9253 
342 4243 | 4911 | 5566 6200] 6837] 7461 | 8062 | 8660} 9244 9826 | 10395 
344 | 4311 | 4990] 5655 | 6299 | 6947] 7581 | 8192 | 8799 | 9394 | 9985 | 10563 
36% 4801 | 5558 | 6300| 7019 | 7741 | 8449 | 9132 | 9810 | 10475 | 11135 11782 
363 | 4873 | 5641 | 6395 | 7125 | 7858] 8577.| 9270] 9959 | 10634 | 11305 | 11962 
38% 5393 | 6244 | 7079 | 7889 | 8702 | 9500 | 10269 | 11034 | 11783 | 12528 | 13257 
385 5470 | 6333 | 7180 | 8001 | 8826 | 9635 | 10416 | 11192 | 11952 | 12708 13448 
40% 6021 | 6972 | 7905 8810 | 9720 | 10612 | 11474 | 12330 | 13169 | 14003 | 14821 
405 6102 | 7065 | 8011 | 8929 | 9851 | 10756 | 11629 | 12497 | 13347 | 14194 | 15022 
42t | 6683 | 7739 | 8776 | 9783 | 10795 | 11787 | 12747 | 13699 | 14632 | 15562 | 16472 
425 6768 | 7838 | 8888 | 9909 | 10933 | 11938 | 12910 | 13875 | 14821 | 15762 16685 
44% 7380 | 8548 | 9694 | 10808 | 11926 | 13024 | 14087 | 15141 | 16174 | 17203 18211 
443 7470 | 8651 | 9112 | 10939 | 12072 | 13183 | 14259 | 15326 | 16372 | 17414 | 18435 
46} | 8112 | 9396 | 10657 | 11884 | 13115 | 14323 | 15494 | 16655 | 17794 | 18927 | 20039 
463 8206 | gso5 | 10781 | 12022 | 13268 | 14490 | 15675 | 16850 | 18001 | 19149 | 20273 
484° 8879 | 10285 | 11667 | 13011 | 14360 | 15685 | 16969 | 18242 | 19491 | 20735 | 21954 
483 8977 | 10399 | 11796 | 13155 | 14520 | 15859 | 17158 | 18446 | 19709 20966 | 22200 
50% |- 9681 | 11215 | 12722 | 14190 | 15663 | 17108 | 18511 | 19902 21266 | 22625 | 23957 
50% 9783 | 11334 | 12857 | 14341 | 15829 | 17291 | 18709 | 20115 | 21493 22867 | 24214 
524 | 10517 | 12185 | 13823 | 15420 | 17022 | 18594 | 20121 21635 | 23119 | 24598 | 26049 
bay | 10624 | 12309 | 13964 | 15577 | 17196 | 18785 | 20327 | 21856 | 23356 | 24850 26316 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 
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Moments of Inertia 


TABLE 32.— Continued. 
Moments oF INERTIA OF Four ANGLES witH Equa Leos, Axis X—X. 


For Distances 


70 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 


of Four Angles, Gee ae H Measured 
Axis X-X, » Sa see from 
Equal Legs. H Back to Back, 
ee. 
Size 6 6" 
Thick | zs" 3" 2" a” A" ra 42 }’ 13” x 
Area 4[s} 17.44 20,24 23.00 25.72 28.44 31.12 33-76 36.36 38.92 41.48 44.00 
a’ Moments of Inertia about Axis X-X, for Various Distances Back to Back of Angles, In.4, 
544 | 11389 | 13196 | 14971 | 16701 | 18438 | 20143 | 21799 | 23440 | 25050 | 26654 | 28228 
542 | 11500 | 13325 | 15118 | 16865 | 18619 | 20341 | 22083 | 23671 | 25297 | 26917 | 28507 
56 | 12295 | 14247 | 16164 | 18034 IQQII | 21753 | 23544 | 25318 | 27058 | 28793 | 30495 
563 | 124311 | 14381 | 16317 | 18205 | 20099 | 21959 | 23767 | 25558 | 27315 | 29066 | 30785 
58% | 13236 | 15338 | 17404 | 19419 | 21440 | 23426 | 25357 | 27269 | 29145 | 31015 | 32851 
583 | 13356 | 15478 | 17562 | 19596 | 21636 | 23639 | 25588 | 27518 | 29411 | 31299 | 33151 
6oz | 14212 | 16470 | 18689 | 20855 | 23027 | 25161 | 27237 | 29292 | 31309 | 33321 | 352904 
603 | 14337 | 16615 | 18853 | 21038 | 23230 | 25382 | 27476 | 29550 | 31585 | 33614 | 35605 
62% | 15223 | 17643 | 20021 | 22342 | 24671 | 26958 | 29184 | 31388 | 33551 | 35709 | 37825 
623 | 15352 | 17792 | 20191 | 22532 | 24880 | 27187 | 29432 | 31655 | 33837 | 36013 | 38148 
64% | 16269 | 18856 | 21398 | 23881 | 26371 | 28817 | 31199 | 33557 | 35872 | 38179 | 40445 
642 | 16402 | 19010 | 21574 | 24077 | 26588 | 29054 | 31456 | 33833 | 36167 | 38494 | 49778 
66% | 17350 | 20109 | 22822 | 25471 | 28128 | 30739 | 33282 | 35799 | 38269 | 40733 | 43152 
663 | 17488 | 20269 | 23003 | 25673 | 28352 | 30984 | 33547 | 36084 | 38575 | 41058 | 43496 
68; | 18466 | 21403 | 24291 | 27113 | 29943 | 32723 | 35432 | 38113 | 40745 | 43370 | 45047 
683 | 18608 | 21568 | 24478 | 27322 | 30173 | 32975 | 35706 | 38407 | 41060 | 43706 | 46303 
70% | 19616 | 22738 | 25807 | 28806 | 31814 | 34769 | 37650 | 40500 | 43299 | 46090 | 48830 
702 | 19762 | 22907 | 25999 | 29022 | 32052 | 35029 | 37932 | 40803 | 43623 | 46436 | 49197 
72% | 20801 | 24113 | 27368 | 30551 | 33742 | 36877 | 39935 | 42960 | 45930 | 48893 | 51802 
723 | 20952 | 24287 | 27567 | 30773 | 33987 | 37145 | 40225 | 43272 | 46264 | 49249 | 52179 
742 | 22177 | 25708 | 29180 | 32575 | 35979 | 39324 | 42587 | 45814 | 48983 | 52145 | 55250 
763 | 23436 | 27169 | 30839 | 34429 | 38027 | 41564 | 45015 | 48428 | 51780 | 55124 | 58408 
782 | 24731 | 28670 | 32544 | 36334 | 40133 | 43867 | 47512 | 51115 | 54655 | 58186 | 61654 
803 | 26060 | 30212 | 34295 | 38291 | 42296 | 46232 | 50075 | 53875 | 57607 | 61331 | 64989 
82% | 27424 | 31794 | 36093 | 40299 | 44515 | 48660 | 52707 | 56707 | 60638 | 64559 | 68411 
842 | 28823 | 33417 | 37936 | 42359 | 46792 | 51149 | 55405 | 59612 | 63746 | 67870 | 71921 
862 | 30257 | 35080 | 39825 | 44470 | 49125 | 53701 | 58172 | 62590 | 66932 | 71264 | 75520 
883 | 31726 | 36784 | 41760 | 46633 | 51515 | 56315 | 61005 | 65641 | 70196 | 74741 | 79206 
907 | 33230 | 38528 | 43742 | 48847 | 53962 | 58992 | 63907 | 68764 | 73537 | 78301 | 82980 
923 | 34768 | 40313 | 45769 | 51112 | 56466 | 61730 | 66876 | 71960 | 76957 | 81943 | 86843 
942 | 36342 | 42138 | 47842 | 53429 | 59026 | 64531 | 69912 | 75229 | 80454 | 85669 | 90793 
962 | 37950 | 44004 | 49961 | 55797 | 61644 | 67394 | 73016 | 78571 | 84029 | 89478 | 94831 
982 | 39593 | 45910 | 52126 | 58217 | 64319 | 70319 | 76187 | 81985 | 87682 | 93369 | 98958 
1003 | 41271 | 47857 | 54338 | 60689 | 67050 | 73307 | 79426 | 85472 | 91413 | 97344 103172 
1023 | 42984 | 49844 | 56595 | 63211 | 69838 | 76357 | 82733 | 89031 | 95222 |101401 |107474 
1042 | 44732 | 51872 | 58898 | 65785 | 72683 | 79469 | 86107 | 92664 | 99109 |105542 |111865 
1063 | 46515 | 53940 | 61247 | 68411 | 75585 | 82643 | 89548 | 96369 |103074 |109765 |116343 
1083 | 48332 | 56049 | 63643 | 71088 | 78544 | 85879 | 93057 |100147 |107116 |114072 |120909 
I10z | 50185 | 58198 | 66084 | 73817 | 81560 | 89178 | 96634 |103997 |111236 |118461 |125563 
1123 | 52072 | 60387 | 68571 | 76597 | 84633 | 92539 |100278 |107920 |115434 |122934 |130306 


TABLE 32.— Continued. 
Moments oF INERTIA OF Four ANGLES wiITH EquaL Lrcs, Axis X—X. 


H 
' 

Moments of Inertia : For Distances 
of Four Angles, De Mee. @ i Measured 
Axis X-X, d from 
Equal Legs. ; Back to Back. 

t 
ol ua 


Size. . 8 x 8? 
fo) a were ae) a la eee Pe fe ae oe 


‘Area 4[s| 32.00 34.72 38.44 42.12 45.76 49.36 52.92 56.48 60,00 63.48 66.92 


ash Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, In.*. 


165 1333 1483 1631 | 1775 | 1910.| 2046 | 2179] 2310 | 2430] 2554 | 2674 
18i-| 1686 | 1877 | 2065 | 2249 | 2423 | 2598 | 2769 | 2937] 3094 | 3254 | 3409 
183 1740 | 1937 | 2132 | 2322 | 2502 | 2683 2860 | 3034 | 3196 | 3361 | 3523 
20% | 2146 | 2391 | 2634 | 2871 | 3095 | 3321 | 3542 | 3760) 3964 | 4172 | 4375 
205 2208 | 2461 | 2710 | 2954 | 3186 | 3419 | 3646 3871 | 4082 | 4296 | 4505 


22% | 2669 2976 | 3279} 3576| 3859 4143 | 4421 | 4696 | 4955 | 5218 | 5475 
22% | 2739 3054] 3365 | 3670] 3961 | 4253 | 4538 | 4821 | 5087 |. 5357 | 5621 
24% | 3254 | 3630 | 4001} 4366 | 4714 | 5064 | 5406 | 5745 | 6066 | 6390 | 6708 
24% | 3332 | 3716 | -4097 | 4471 | 4828 | 5186 | 5536 | 5884 | 6213 | 6546 | 6871 


26 | 3901 | 4353 | 4801 | 5240 | 5661 | 6083 | 6497 | 6907 | 7296 | 7690 | 8075, 
263 | 3987} 4448 | 4906 5355 | 5786 | 6217 | 6640 | 7060] 7458 | 7861 | 8255 
hs 4610 | 5145 | 5677 | 6198 | 6699 | 7201 | 7693 | 8182 | 8647 | 9116 | 9576 
283 | 4703 | 5249 | 5792 | 6324 | 6835 | 7348 | 7850] 8349 | 8824 | 9303 | 9773 
30% 5381 | 6008 | 6630] 7241 | 7829] 8418 | 8996] 9569 | 10117 | 10669 | 11211 
303 | 5482 | 6120] 6754 | 7377 | 7977 | 8577 | 9166 | 9751 | 10310 | 10872 | 11425 
B25 6214 | 6939 | 7659 | 8367 | 9050] 9733 | 10404 | 11070 | 11708 | 12350 | 12980 
Bae 6323 | 7060} 7794 | 8514 | 9209 | 9904 | 10587 | 11266 | 11915 | 12569 | 13210 


344 7109 | 7940 | 8766 | 9578 | 10363 | 11147 | 11918 | 12684 | 13419 | 14157 | 14882 

= aks 7225 | 8070] 8910] 9736 | 10534 | 11331 | 12114 | 12893 | 13641 | 14392 | 15129 
364 8066 | go1o | 9950 | 10873 | 11768 | 12660 | 13538 | 14410 | 15249 | 16091 | 16919 
Negor 8190 | 9149 | 10103 | 11041 | 11950 | 12856 | 13748 | 14634 | 15486 | 16342 | 17183 
38% go85 | 10150 | 11210 | 12253 | 13264 | 14272 | 15263 | 16250 | 17200 | 18152 | 19089 
383 9217 | 10298 | 11373 | 12431 | 13457 | 14480 | 15487 | 16488 | 17452 | 18419 | 19369 
4ot | 10166 | 11360 | 12547 | 14717 | 14851 | 15982 | 17095 | 18202 | 19270 | 20340 | 21393 
40% | 10306 | 11516 | 12720 | 13905 | 15056 | 16203 | 17331 | 18454 | 19538 | 20623 | 21690 


42 | 11309 | 12638 | 13962 | 15264 | 16530 | 17791 | 19032 | 20268 | 21461 | 22656 | 23831 
42% | 11456 | 12803 | 14144 | 15464 | 16746 | 18024 | 19282 | 20534 | 21743 | 22954 | 24145 
444 | 12514 | 13987 | 15453 | 16897 | 18300 | 19699 | 21076 | 22446 | 23772 | 25098 | 26402 
44% | 12669 | 14160 | 15645 | 17107 | 18528 | 19944 | 21338 22726 | 24069 | 25412 | 26733 
464 | 13781 | 15404 | 17021 | 18613 | 20162 | 21705 | 23225 | 24738 | 26202 | 27667 | 29108 
46 | 13944 | 15586 | 17222 | 18833 | 20401 | 21963 | 23501 | 25032 | 26514 | 27997.| 29456 
48 | 15110 | 16891 | 18666 | 20414 | 22116 | 23811 | 25480 | 27142 | 28753 | 30363 | 31947 
48% | 15280 | 17082 | 18877 | 20645 | 22366 | 24081 | 25769 | 27450 | 29080 | 30709 | 32312 


got | r6sor | 18448 | 20387 | 22299 | 24161 | 26014 | 27840 | 29659 | 31423 | 33186 | 34921 
50% | 16679 | 18647 | 20608 | 22540 | 24423 | 26291 | 28143 | 29982 | 31766 | 33548 | 35302 
52%. | 17954 | 20074 | 22186 | 24268 | 26297 | 28317 | 30307 | 32290 | 34214 | 36136 | 38028 
52% | 18140 | 20282 | 22416 | 24520 | 26571 | 28612 | 30623 | 32626 | 34571 | 36513 | 38426 


542 | 19469 | 21769 | 24061 | 26321 | 28525 | 30718 | 32879 | 35033 | 37125 | 39212 | 41269 
r 54% | 19663 | 21986 | 24301 | 26584 | 28810 | 31026 | 33208 | 35384 | 37497 | 39606 | 41684 
536i | 21046 | 23534 | 26014 | 28459 | 30845 | 33219 | 35578 | 37889 | 40155 | 42416 | 44644 
564° | 21247 | 23759 | 26263 | 28732 | 31141 | 33538 | 35900 | 38254 | 40542 | 42826 | 45075 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 
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TABLE 32.— Continued. 
Moments or INERTIA OF Four ANGLES wITH EQuaL LrEcs, Axis X—X. 


Moments of Inertia For Distances 
of Four Angles, Measured 
Axis X-X, from a 
Equal Legs. Back to Back. 


3” *« 8/7 


HY” Fd iy” + Pua yy" 1h” 


34-72 38.44 42.12 45-76 49.36 52.92 56.48 60.00 63.48 66.92 


Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, In.4, 


22685 | 25368| 28043] 30680] 33256] 35817) 38342] 40858) 43306| 45747| 48152 
22894 | 25602| 28302] 30964) 33564| 36149] 38697| 41237] 43708] 46172) 48601 
24386 | 27272] 30149] 32986] 35759] 38515 | 41232] 43940] 46576| 49205) 51795 
24603 | 27515] 30418| 33281] 36078| 38859] 41600] 44333) 46994 | 49646| 52260 


26149 | 29245] 32332] 35377| 38353] 41311 | 44228| 47135 52789 | 55571 
26376 | 29497| 32610| 35681] 38683 | 41668) 44609] 47543 53247 | 56053 
27974.| 31288] 34592] 37851] 41038] 44206) 47329) 50443 56501} 59481 
28206 | 31548| 34880] 38167] 41381] 44575 | 47724 | 50865 56974 | 59980 


29861 | 33400] 36929] 40410] 43816] 47200} 50537) 53864 60340} 63525 
30101 | 33669 40736| 44169} 47581) 50945) 54300 60829 | 64040 
31810 | 35581 43053 | 46684 | 50292) 53850| 57398| 60 64305 | 67703 
32058 | 35859 43389] 47049| 50686| 54272) 57848 64810 | 68235 


33821 | 37832 45780} 49645 | 53483] 57269] 61045 68398 | 72015 
34076 | 38118 46127 | 50021] 53889] 57704| 61509 68919 | 72563 |. 
35894 | 40152 48592| 52696] 56773 | 60794 64805 72617 | 76460 
36157 | 40447 48949 | 53084] 57191 | 61242 | 65283 73154 | 77025 


38300] 42846 51856] 56239] 60592 69170 77516| 81621 
40505 | 45314 54846 | 59485 | 64092 73170 98 | 82006 | 86351 
42771 | 47851 57921 | 62823] 67690 77283 86622 | 91215 
45100] 50458 61080 | 66252| 71387 81509 91365 | 96213 


47491 | 53134 64323 | 69773 | 75183 85847 96235 | 101344 
49943 | 55880 67651 | 73385) 79°77 90299 101233 | 106609 
52458] 58695 71062 | 77089} 83071 94864. 106357 | 112008 
55035 | 61579 74558 | 80884 | 87163 99541 I11608 | 117541 


57674 | 64533 380] 78139} 84771 | 91353 104332 116986 | 123208 
60374 | 67557 81803 | 88749] 95643 6 | 109236 122491 | 129009 
63137 70650. 85552] 92819 | 100031 114252 128123 | 134943 
65962 | 73812 89385 | 96981 | 104518 119382 133882 | 141011 


68848 | 77044 93302 | 101234 | 109103 124624 | 132220 | 139767 | 147214 
71797 | 80345 97303 | 105578 | 113787 129980 | 137906 | 145780 | 153550 
1023 | 74808] 83715 101389 | 110014 | 118570 135448 | 143711 | 151920 | 160019 
1045 | 77881) 87155 105559 | 114542 | 123452 141029 | 149637 | 158187 | 166623 


1063 | 81015 | 90665 109813 | 119161 | 128432 146723 | 155682 | 164581 | 173361 
108% | 84212] 94244 II41S1 | 123871 | 133512 152531 | 161848 | 171101 | 180232 
1103 | 87471 | 97892 118574 | 128673 | 138689 158451 | 168134 | 177749 | 187237 
112% | 90792 | 101610 123081 | 133567 | 143966 164484 | 174539 | 184523 | 194376 


1142 | 94174 | 105397 127672 | 138552 | 149341 170630 | 181065 | 191425 | 201649 
1163 | 97619 | 109254 132347 | 143628 | 154815 | 16. 176890 | 187710 | 198454 | 209056 
118% | 101126 | 113180 137107 | 148796 | 160388 183262 | 194476 | 205609 | 216596 
1203 | 104694. | 117176 | 129639 | 141950 | 154056 | 166060 189747 | 201362 | 212891 | 224270 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 


TABLE 33. 


Moments oF INERTIA OF FouR ANGLES WITH UNEQUAL LeEGs, Axis X—X. 
Lone Lecs TurNnEpD OvtT. 


Moments of Inertia For Distances 
of Four ‘Angles, ‘ Measured 
is from 


Axis X-X, 
Long Legs Turned Out. : Back to Back. 


3 X 2%”, Long Legs Out. 3%x2%", Long Legs Out. 


ve’ ve’? 4” fs" a +e” BY wa’ 4” $s gy 


6.48 | 7.68 | 8.88 | 10.00} 11.12] 5.76 | 7.12 8.44 9-72 II,00 12.24 13.44 


Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, 1n.4, 
60 
67 
74 
82 


wlerbolet 


90 

99 
108 
118 
127 
116 138 
125 148 
134 159 
144 171 
154 183 
164 195 
175 208 
102 186 221 
108 197 235 
114 209 249 
121 ess 264 
127 ; 233 279 
134 246 294 
141 259 310 
190 243 148 272 326 
199 255 155 286 342 
209 268 163 300 359 
219 281 170 314 377 
229 294 178 329 395 
240 308 186 344 413 
250 322 | 195 360 Olea se) 
261 336 203 375 451 
273 350 212 392 470 
284 365 220 6 408 490 
296 380 229 | 281 425 pe 
308 396 238 | 292 442 531 
320 412 248 | 303 460 553 
333 428 257 | 315 477 574 
345 444 267 | 327 495 596 
358 461 277 | 339 514 619 
371 478 287 | 351 533 642 
385 495 297 | 364 552 665 
398 513 | 567 | 307 | 376 572 689 


oh el Lal 


[conan 


We [cota] 


5 
5 
6 
6 
6 
6 
7 
wl 
7 
7 
8 
8 
8 
8 
9 
2 
9 
2) 
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Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 


TABLE 33.— Continued. 
Moments or INERTIA OF Four ANGLES witH UNEQUAL LEGs, Axis X—X. 
Lone Lecs TurNEpD Ovt. 


£ 
i 
Moments of Inertia ; For Distances 
of Four Angles, a - xX d Measured 
Axis X-X, 1 from 
Long Legs Turned Out. ' Back to Back. 
1 
Eee 5 
Size. 4’ X 3’, Long Legs Turned Ont. 
Thick. zy” Te’ tide te’ He fy’ g/ Thick. i Ye’ Pia ye!’ ia i” a ra 
Area 4|s} 6.76 | 8.36 | 9.92 | xz.48 | 13.00 | 14.48 | 15.92 [Area4|s] 9.92 | 11.48 | 13.00] 14.48 | 15.92 | 17 36| 18.76 
call Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, In.4. 


48°) 558") 68. a 78) 86) ||| 2 O41) 102) (iar 525| 604) 678| 751) 821] 890) 954 
52 | 63 | 84] 85) 94] 103 | 111 | 16% | 543] 625] 702) 777| 849] 921] 987 
57 | 69] 81 92 | 102 | 112 | 122 | 165 | 561| 646| 725] 804] 879] 953] 1023 
62 | 75 | 88} roo | 111 | 122 | 132 | 16% | 580] 667| 750) 831] 908| 983] 1055 
109g | 121 | 132 | 144 | 18% | 699] 804] 904 | 1002 |-1096| 1190) 1276 
7z | 88 | 103 | 117 | 130 | 143 | 155 | 183 | 719] 828] 931 | 1032| 1129] 1226] 1315 


94] III | 126 | 140 | 154 | 167 | 20%- | 874 | 1007 | 1133 | 1256] 1375 | 1493] 1603 
83 | ror | 119 | 136 | 151 | 166 | 180 | 20% |: 897 | 1034 | 1163 | 1290 | 1412 | 1533] 1646 
145 | 162 | 178 | 193'] 22% | 1069 | 1233 | 1388 | 1539 | 1686| 1831) 1967 
95 | 116 | 136 | 155 | 173 | 191 | 207 | 225 | 1095 | 1262 | 1421 | 1577 | 1727 | 1876] 2015 


Tor | 124 | 145 | 166 | 185 | 204 | 221 | 244 | 1284 | 1481 | 1668 | 1851 | 2028] 2204] 2368 
107 | 131 | 154 | 177 | 197 | 217 | 236 | 245 | 1313 | 1514 | 1705 | 1892 | 2073 | 2253] 2421 
164 | 188 | 209 | 231 | 251 | 26% | 1519| 1753 | 1975 | 2192 | 2402 | 2611| 2808 
121 | 148 | 174 | 199 | 222 | 245 | 267 | 26% | 1550] 1788 | 2015 | 2237] 2451 | 2664| 2865 


io | 128 | 157 | 184 | 211 | 236 | 260 | 283 | 28% | 1774 | 2047 | 2308 | 2562 | 2809 | 3053) 3284 
1oz | 135 | 166 | 195 | 223 | 249 | 275 | 300 | 284 | 1808 | 2085 | 2351 | 2611 | 2862 | 3111) 3347 
10% | 143 | 175 | 206 | 236 | 264 | 291 | 317 | 30% | 2049 | 2364 | 2666 | 2961 | 3247 | 3530) 3799 |. 
1OZ | 151 | 185 | 217 | 249 | 278 | 307 | 335 | 30% | 2085 | 2406 | 2713 | 3013 | 3303 | 3592| 3865 


II | 159 | 194 | 229 | 262 | 293 | 324 | 353 | 324 | 2344 | 2705 | 3051 | 3389 |3716| 4042| 4350 
11g | 167 | 204 | 241 | 276 | 309 | 341 | 371 | 323 | 2382 | 2749 |.3101 | 3445 |3777| 4108) 4422 
I1z | 175 | 215 | 253 | 290 | 324 | 358 | 391 | 34% | 2658 | 3068 | 3462 | 3846 | 4218] 4588] 4940 
Trg | 184 | 225 | 265 | 304 | 341 | 376 | 410 | 343 | 2699 | 3115 | 3515 | 3905 | 4283 | 4659) 5016 


12 | 192 | 236 | 278 | 319 | 357 | 395 | 430 | 36% | 2992 | 3455 | 3898 | 4332 | 4751| 5169) 5566 
12 | 201 | 247 | 291 | 334 | 374 | 414 | 451 | 363 | 3035 | 3504 | 3955 | 4395 | 4820| 5244) 5647 
12} | 211 | 259 | 305 | 350 | 392 | 433 | 472 | 384 | 3346 |. 3864 | 4361 | 4847 | 5317| 5785) 6231 
12g | 220 | 270 | 318 | 366 | 409 | 453 | 494 | 383 | 3392 | 3917 | 4421 | 4913 | 5390| 5864) 6316 


13 | 230 | 282 | 332 | 382 | 428 | 473 | 516 | 40% | 3720 | 4296 | 4850 | 5390 | 5914 | 6435) 6932 
13g | 240 | 294 | 347 | 398 | 446 | 494 | 539 | 403 | 3768 | 4352 | 4912 | 5460 | S9g1 | 6519) 7023 
139 | 250 | 307 | 361 | 415 | 465 | 515 | 562 | 42% | 4114 | 4751 | 5364 | 5963 | 6543 | 7120) 7672 
132 | 260 | 319 | 376 | 432 | 485 | 536 | 585 | 423 | 4164 | 4810 | 5430 | 6037 | 6624 | 7209) 7767 


14 | 270 | 332 | 391 | 450 | 505 | 558 | 610} 44% | 4527 | 5229 | 5905 | 6565 | 7204 | 7840) 8449 
14g | 281 | 345 | 407 | 468 | 525 | 581 | 634 | 445 | 4580 | 5291 | 5974 | 6642 | 7289 | 7933] 8548 
142 | 292 |359 | 423 | 486 | 546 | 604 | 659 | 46% | 4961 | 5730 | 6472 | 7195 | 7896 | 8595) 9263 
14 | 303 |372 | 439 | 505 | 567 | 627 | 685 | 463 | 5016] 5795 | 6544 | 7276 | 7986 | 8692) 9367 
15 |314 | 386 | 456 | 524 | 588 | 651 | 711 | 484 | 5414 | 6254 | 7064 | 7855 | 8621 | 9384\10115 
15t | 326 | 401 | 472 | 543 | 610 | 675 | 738 | 48% | 5472 | 6322 | 7140 | 7939 | 8714 | 9486]10224 
15% | 338 | 415 | 490 | 563 | 632 | 700 | 765 | sot | 5887 | 6801 | 7683 | 8543 | 9377 |10208|11004 
154 | 350 | 430 | 507 | 583 | 655 | 725 | 792 | Sod | 5948 | 6871 | 7762 | 8631 | 9475 |10314/11118 
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TABLE 33.— Continued. 
Moments OF INERTIA OF FouR ANGLES WITH UNEQUAL LEGs, Axis X—X. 
Lone Lrecs TurRNED OvtT. 


Moments of Inertia For Distances 
of Four Angles, Measured 
Axis X-X, from 
Long Legs Turned Out. Back to Back. 


5” X 3’, Long Legs Turned Out. 
[Me re” 3 fs’ gr RR” Thick. gu ve!’ 4” fa!” , gr ay" 
11.44 | 13.24 | 15.00] 16.72 | 18.44] 20.12 |Area4|s| 11.44 | 13.24 | 15.00 | 16,72 18.44 | 20.12 


Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, In.4, 


93 | 104 | 114] 123] 132 
102 145 
III 158} 184 | 820] 942] 1062] 1179] 1290 
120 171| 184 | 845] 970] 1094] 1214] 1329 
130 186} 204 | 1024! 1178] 1329] 1475 | 1616 
140 201} 20% | 1052] 1209] 1364] 1514] 1659 
ISI 217) 22% |1251] 1440] 1625] 1804] 1978 
162 233 1282] 1475] 1664} 1848] 2026 
173 250 1so0r| 1728] 1951| 2167] 2377 
185 267 1534| 1766] 1994| 2215] 2430 
197 286 1774| 2043] 2307] 2564] 2813 
210 304, 1810| 2085] 2354] 2615| 2871 
223 334 2070| 2385] 2694) 2994| 3286 
237 3.44. 2109 | 2429] 2744| 3049| 3348 
251 365 2389) 2753] 3110] 3457] 3796 
265 386 2430| 2801 | 3164] 3517] 3863 
280 408 2730| 3147] 3556] 3954) 4343 
295 431 2774| 3198] 3614) 4018 | 4414 
311 454 3094.) 3568] 4032] 4484| 4927 
327 | 36 478 3142| 3623] 4094] 4552] 5002 
342 502 3482| 4016] 4539| 5047] 5547 
360 527 3532] 4073| 4604] 5120) 5627 
377 553 3892| 4489] 5075} 5645) 6205 
395 579 3945 | 4551| 5144] 5721| 6289 
413 60} 606 4325| 4990] 5641| 6275] 6899 
432 634 4381) 5054) 5714| 6356| 6988 
451 662 4781 | 5517| 6237] 6939| 7630 
470 691 4839| 5584| 6314| 7024) 7724 
490 721 5259| 6070| 6864) 7636] 8398 
510 751 % |5321| 6141] 6944| 7726] 8497 
530 782 5761 | 6650] 7520} 8367] 9203 
5s 813 5825] 6724| 7604] 8461| 9306 
573 845 6286] 7256| 8206] 9132 | 10045 
595 878 6353| 7334| 8294] 9229 | 10153 
617 gil 6833 | 7889] 8922] 9929 | 10923 
639 945 6903 | 7970} 9014 | 10031 | 11036 
662 979 7403 | 8548] 9668 | 10760 | 11839 
686 IOI 7476| 8632} 9764 | 10866 | 11956 
710 1050 7996| 9234] 10445 | 11625 | 12791 
734 1087 8072 | 9321 | 10544 | 11735 | 12913 
759 1124 8612 | 9946 | 11251 | 12523 | 13781 
784. 1162 8691 | 10037 | 11354 | 12637 | 13907 
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Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 


TABLE 33.— Continued. 
Moments or INERTIA OF FouR ANGLES WITH UNEQUAL Lecs, Axis X-X. 
Lone Lecs TuRNED OvT. 


Moments of Inertia For Distances 
of Four Angles, Measured 
Axis X-X, from 
Long Legs Turned Out Back to Back. 


5” xX 33”, Long Legs Turned Out. 
#” ie’ 3” fs" a RY” yy Thick. ate re” Pa $e’ gr WW” a” 


12,20| 14.12| 16,00] 17.88] 19,68] 21.48 | 23.24 |Area 4|s| 12.20 | 14.12 | 16.00 | 17.88 | 19.68 | 21.48 | 23.24 


Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, In.4, 


98|115| 131; 145) 160] 174] 187] 198 
105 | 124 141] 157| 173| 188) 202] 214 
113 | 133 | 152| 169] 186| 202] 218| 231 1221| 1375] 1530| 1676] 1821 
121 | 143 | 163] 182] 200] 217] 235] 249 1254) 1412] 1571] 1721| 1871 
130 | 153 | 175| 195| 215| 233] 252] 268 1497| 1686] 1876) 2057] 2236 
139 | 163 | 187| 208) 230] 249] 270| 287 1533| 1727| 1922| 2107] 2291 
148 | 174.| 200] 222] 246) 267) 288 1800] 2029] 2259] 2477] 2694 
158 | 186 | 213] 237| 262 308 1840] 2074) 2309] 2532) 2754 
167 | 197 | 226] 252] 279 328 2132] 2404) 2677] 2937] 3194 
178 | 209 | 240] 268] 296 348 2175| 2453| 2732| 2997| 3260 
188 | 222] 254) 284] 314 370 2492] 2810] 3131| 3435] 3738 
199 | 235 | 269] 300) 332 392 2539| 2864] 3190) 3501) 3809 
210|248| 284) 318] 351 414 2880] 3249] 3621) 3974] 4325 
221 | 261 | 300] 335] 371 438 2930| 3306] 3684] 4044] 4401 
233 | 275 | 316) 353 462 3296) 3720] 4146 4954 
245 | 290} 332) 372 486 3350] 3781] 4214 5036 
258 | 304 | 349| 391 512 3741| 4223) 4707 5627 
270 | 320] 367| 411 538 3798| 4288] 4780 5714 
284 | 335 | 385] 431 564 4214) 4758) 5304 6342 
297 451 592 4275] 4827) 5381 6435 
31L 472 620 4715| 5325| 5937 7101 
325 494 648 4779) 5398) 6019 7199 
339 678 5244) 5924) 6606 7902 
354 708 5312| 6001| 6692 8005 
369 738 5802} 6555| 7310 8747 
384 77° 5873| 6636) 7400 8855 
399 802 6388] 7217| 8050 9634 
415 6 835 6463] 7303| 8145 9748 
432 868 7002] 7912| 8826 10564 
448 goz| 967 7080] 8001} 8925 10683 
465 938 | 1004 7644) 8639) 9637 11537 
482 972 | 1042 7726| 8732| 9741 11662 
500 1008 | 1081 8315] 9398|10485 12554 
518 : 1045 | 1121 8400] 9495|10593/11640|12684 
536 1082 | 1161 9013] 10189|11368/12492) 13613 
554 1120 | 1202 9103|12090|11481)12616 13748 
573 | 6 IIS59 | 1244 9740|11012|12287|13503|14715 
592 1199 | 1286 9833|11117|12404]13632|14856 
693 1406 | 1510 I 10496] 11867|13241|14553|15860 
714 1449 | 1556 10592|11976|13363|14687| 16006 
735 1493 | 1604} 58: 11279]12754|14232|15642|17048 
757 1538 | 1652 11379|12867 14358/15781 
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Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 


TABLE 33.— Continued. 


Moments or INERTIA OF Four ANGLES WITH UNEQUAL LEGs, Axis X—X. 
Lone Lecs TuRNED OvT. 


Moments of Inertia For Distances 
of Four Angles, exe», = x d Measured 
from 


Back to Back, 


6” x 4’, Long Legs Turnea Out, 


3/7 ” 
a 


33” uw 


15 
16 


34.00 


16.72 


25.60 


27-76 
Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, In.4, 


yr | Ye!" 


19.00 


a iP -178 203 227 251 273 293 314 333 352 370 385 
103 273 312 350 | 387} 423 455 489 | 521 551 581 606 
oz |° 288 330 370 409 448 482 517 552 583 615 642 
125 408 468 526 583 639 689 741 791 839 886 927 
123 | 427 | 490 551 | 611 | 669}; 722| 777| 829} 879| 929] 972 
14k 572 658 740 822 gol 974 | 1049] 1122} I190| 1259] 1320 
143 595 684 779 | 855 937 | 1013 | i092 | 1167 | 1238) 1310} 1374 
16 765 881 992 | I103 F219!) 1ZTO! || A4Ts) || T7127, Teos* |) 7700!) =0784 
165 791 gII 1027 | II4I 1252 | 1356| 1462 | ‘1564 | 1662 | 1760] 1848 


18t 987 | 1137 1282 | 1426| 1566 | 1698 | 1831 1961 | 2084 | 2209 | 2321 
183 IOI7 1171 1321 1470 1614 1750 1888 2022 2149 2277 2393 
20% 1238 1427 1611 1792 | 1969 | 2136 | 2306] 2471 | 2627 | 2786 | 2930 
203 | 1271 | 1465 1654.| 1841 | 2023 | 2195 | 2369 2539 | 2700 | 2863] 3011 


22t | 1518 | 1750 1977 | 2201 | 2419 | 2626 | 2836 | 3040 | 3234 | 3431 | 3611 
22% | 1555 | 1793 | 2025 | 2255 | 2478 | 2691 |. 2906 | 3115 | 3315 | 3516 | 3701 
24% | 1826 | 2107 2381 | 2652 | 2916 | 3167 | 3421 | 3669 | 3905 | 4144 | 4363 
244 | 1867 | 2154 | 2434 | 2711 | 2981 | 3238 | 3498 | 3752] 3993 | 4238 | 4463 


264 | 2164 | 2497 | 2823 | 3145 | 3459 | 3759 | 4062 | 4358] 4639 | 4925 | 5188 
26% | 2208 | 2548 2881 |; 3210] 3530] 3837 | 4146 | 4448 | 4736 | 5027 | 5296 
284 | 2530 | 2920 | 3303 | 3681 | 4050] 4402] 4759] 5106 | 5438 | 5775 | 6085 
284 | 2578 | 2976 3366 | 3751 | 4127 | 4486] 4850] 5204] 5542 | 5885 | 6202 


30% | 2925 | 3377 | 3821 | 4259 | 4687] 5097 | 5511 | 5914 | 6300} 6692} 7054 
30% | 2977 | 3437 | 3889) 4335 | 4770| 5187 | 5609 | 6020} 6412 | 6810{ 7180 
324 | 3349 | 3868 | 4377 | 4880] 5371 | 5842 | 6318 | 6782 | 7226 | 7677 | 8094 
32% | 3404 | 3932 | 4450] 4961 | 5460] 5939 | 6423 | 6895 | 7346 | 7804 | 8230 


34% | 3802 | 4391 4971 | 5544 | 6102 | 6639 | 7181 | 7710 | 8216] 8730] 9207 
34% | 3861 | 4459 | 5048 | 5629 | 6197 | 6743 | 7293 | 7830 | 8344 | 8865 | 9351 
36% | 4284 | 4949 5604 | 6249 | 6880 | 7488 | 8100 | 8698 | 9269 | 9851 | 10392 
364 | 4346 | 502r | 5685 | 6341 | 6981 | 7597 | 8219 | 8825 | 9406 | 9995 | 10545 


384 | 4795 | 5539 | 6274 | 6998 | 7705 | 8387 | 9074 | 9745 | 10387 | 11040 | 11649 
384 | 4861 | 5616 | 6360] 7094 | 7811 | 8503 | 9200] 9880 | 10531 | 11192 | 11811 
40% | 5334 | 6164 6982 | 7788 | 8577 | 9337 | 10104 | 10852 | 11568 | 12297 | 12978 
40% | 5404 | 6244 | 7073 | 7890 | 8689 | 9460 | 10236 | 10995 | 11720 | 12458 | 13149 


42% | 5903 | 6821 7728 | 8622 | 9495 |. 10339 | 11189 | 12019 | 12813 | 13622 | 14378 
423 5976 | 6906 7824 | 8729 | 9613 | 10468 | 11328 | 12169 | 12974 | 13791 | 14558 
44% | 65020 | 7512 8512 | 9497 | 10461 | 11392 | 12329 | 13245 | 14122 | I5015 | 15851 
443 | 6577-| 7601 8613 | 9610 | 10585 | 11527 | 12476 | 13403 | 14291 | 15193 | 16040 


46t | 7127 | 8237 | 9334 | 10416 | 11473 | 12496 | 13526 | 14532 | 15495 | 16476 | 17396 
463 | 7207 | 8330 9440 | 10533 | 11603 | 12638 | 13679 | 14697 | 15671 | 16662 | 17594 
48 | 7787 | 8995 | 10194 | 11376 | 12533 | 13651 | 14777 | 15878 | 16932 | 18005 | 19013 
48 | 7866 |~9092 | 10305 | 11499 | 12668 | 13800 | 14938 | 16050 | 17116 | 18199 | 19220 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 
77 


TABLE 33.—Continued. 
Moments oF INERTIA OF Four ANGLES WITH UNEQUAL LzEGs, Axis X—X. 
Lone Lrecs Turnep Out. 


Moments of Inertia For Distances 
of Four Angles, Measured 
Axis X-X, from 
Long Legs Turned Out. Back to Back. 


6” X 4’, Long Legs Turned Out. 
qs" 4” fs" ¥" tY’ 
16.72 Ig.00 21.24 23.44 25.60 a 29.88 31.92 


Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, In.4, 


8466 | 9786 | 11093 | 12379 | 13639 | 14858 | 16085 | 17284 | 18433 | 19602 
8553 9887 | 11207 | 12508 | 13780 | 15012 | 16252 | 17464 | 18625 | 19805 
9179 | 10611 | 12029 | 13425 | 14792 | 16116 | 17447 | 18749 | 19997 | 21267 
9270 | 10716 | 12148 | 13559 | 14939 | 16277 | 17622 | 18937 | 20197 | 21478 
9921 | 11469 | 13003 | 14513 | 15992 | 17425 | 18866 | 20275 | 21626 | 23000 
TOOIS | 11579 | 13127 | 14652 | 16145 | 17592 | 19047 | 20470 | 21833 | 23220 
10691 | 12361 | 14015 | 15644 | 17238 | 18785 | 20339 | 21860 | 23318 | 24801 
10789 | 12475 | 14144 | 15788 | 17397 | 18958 | 20527 | 22062 | 23533 | 25029 
T1491 | 13286 | 15065 | 16817 | 18532 | 20196 | 21869 | 23505 | 25074 | 26669 
11593 | 13404 | 15199 | 16967 | 18697 | 20376 | 22064 | 23715 | 25297 | 26907 
12319 | 14244 | 16153 | 18032 | 19873 | 21659 | 23453.| 25209 | 26894 | 28606 
12425 | 14367 | 16292 | 18187 | 20043 | 21845 | 23655 | 25427 | 27125 | 28852 


13176 | 15236 | 17279 | 19291 | 21260 | 23172 | 25094 | 26974 | 28778 | 30611 
13286 | 15363 | 17423 | 19451 | 21437 | 23365 | 25303 | 27199 | 29017 | 30866 
14063 | 16262 | 18443 | 20591 | 22694 | 24737 | 26790 | 28798 | 30725 | 32684 
14175 | 16392 | 18592 | 20757 | 22877 | 24937 | 27006 | 29030 | 30972 | 32947 


14978 | 17321 | 19646 | 21934 | 24175 | 26353 | 28541 | 30682 | 32736 
15094 | 17455 | 19799 | 22105 | 24364 | 26559 | 28764 | 30922 | 32991 
15922 | 18413 | 20886 | 23320 | 25703 | 28021 | 30348 | 32625 | 34811 
16042 | 18552 | 21043 | 23496 | 25898 | 28233 | 30578 | 32873 | 35074 


16894 | 19539 | 22164 | 24747 | 27278 | 29739 | 32210 | 34629 | 36950 
17018 | 19682 | 22326 | 24929 | 27478 | 29958 | 32447 | 34885 | 37221 
17896 | 20698 | 23480 | 26218 | 28900 | 31509 | 34128 | 36692 | 39153 
18023 | 20845 | 23647 | 26405 | 29106 | 31734 | 34372 | 36955 | 39432 
19057 | 22042 | 25006 | 27923 | 30781 | 33561 | 36352 | 39086 | 41707 
20121 | 23272 | 26403 | 29484 | 32502 38388 | 41276 | 44045 
21212 | 24536 | 27838 | 31087 | 34270 40480 | 43526 | 46447 
22333 | 25833 | 29311 | 32733 | 36086 42627 | 45836 | 48914 


23483 | 27164 | 30822 | 34421 | 37948 44829 51444 
24062 | 28528 | 32370 | 36151 | 39857 47087 54037 
25869 | 29925 | 33957 | 37925 | 41812 | 45600 | 49401 56695 
27105 | 31356 | 35582 | 39740 | 43815 51770 59487 
28371 | 32821 | 37245 | 41598 | 45865 54194 62202 
29665 | 34318 | 38946 | 43499 | 47961 56674 65051 
30988 | 35850 | 40685 | 45442 | Soros 59210 67964. 
32340 | 37414 | 42462 | 47427 | 52295 61801 70941 
33720 | 39012 | 44277 | 49455 | 54532 64448 730988 
35130 | 40644 | 46129 | 51526 | 56816 | 61976 | 67150 77086 
36569 | 43309 | 48020 | 53639 | 59147 69908 80254 
38036 | 44007 | 49949 | 55794 | 61524 72721 83.487 


TABLE 33 Sonne 


Mouenes or INERTIA OF Four ANGLES WITH UNEQUAL LEGs, Axis X-X. 
Lone Lecs TurNED OvT. 


Long Legs Turned Out. Back to Back. 


— Ls 
i 
Moments of Inertia ' For Distances 
of Four Angles, X Gee Measured 
Axis X-X, = = a from 
1 
' 


L 
r 


Size. 8” < 6’, Long Legs Turned Out. 
Thick, ya’ 4” ts” ia +4” Fa 4g! 18’ zy 
Area 4|s 23.72 27.00 30.24 33-44 36.60 39.76 42.88 45.92 49-00 52.00 


Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, In.‘. 


123 | 624 704 778 853 926 997 1062 1128 1193 1255 
144 841 g50 | 1053 1156 | 1256 1354 1445 1536 1627 1714 
145 875 989 | 1096 | 1203 1308 1410 1505 1600 1695 1786 
164 1134 | 1283 1423 1564 | 1701 1837 1963 2089 2214 2335 
163 1174 | 1328 1474 | 1620 | 1762 1902 2033 2164 2295 2420 
18% 1474 | 1669 | 1854 | 2039 | 2220 2398 2566 2733 2900 3061 
18% 1520 | 1721 | 1912 | 2103 | 2290 2474 2647 2820 2993 3159 
20% 1862 | 2109 |. 2346 | 2581 | 2812 3040 3255 3469 3683 3890 


204 1914 | 2168 | 2411 | 2654] 2891 3125 3347 3568 3788 4001 


225 2297 | 2604 | 2898| 3190] 3477 | 3761 | 4030 | 4297-| 4565 | 4823 
223 2355 | 2669| 2971] 3271 | 3565 | 3856 | 4133 4407 | 4082 | 4947 
245 2780 | 3152 | 3510 | 3866] 4215 | 4561 | 4890 | 5217 | 5545 | 5861 
243 2844 | 3224 | 3591 | 3955 | 4312 | 4667 | 5004 | 5338 | 5674 | 5998 


26% 3310 | 3754| 4183 | 4609 5026 5441 5837 6228 6622 7002 
263 3380 | 3833 | 4271 | 4706] 5133 | 5556 | 5961 | 6361 | 6764 | 7152 
284 3888 | 4411 | 4916] 5418 | 5911 6400 6869 | 7332 7798 8248 
28% 3963 |. 4497 | 5012 | 5524 | 6027 6526 7004. 7476 7951 84II 


30% 4513] 5121 | 5710 | 6295 | 6869 | 7439 7987 8527 | 9071 9597 
302 4594 | 5214; 5813 | 6409; 6994 | 7575 8133 8683 9237 9773 
324 18s | 5885 | 6564 | 7238 | 7900 | 8558 | 9190 | 9814 | 10443 | 11050 
323 5273 | 5985 | 6675 | 7361 | 8034 | 8703 | 9347 | 9982 | to62r | 11239 


344 5905 | 6704 | 7479 | 8248 | 9004 | 9756 | 10480 | 11193 | 11912 | 12608 
345 5999 6810 7598 8379 9147 99II 10647 11372 12103 12810 
36% 6672 | 7576 | 8454 | 9326 | 10181 | 11033 11855 | 12664 | 13480 | 14269 
363 6772 | 7689 | 8580 | 9465 | 10334 | 11198 | 12033 12854 | 13682 | 14484 


384 7487 | 8503 | 9490 | 10470 | 11432 | 12390 | 13316 | 14227 | 15145 | 16035 
384 7593 | 8622 | 9624 | 10617 | 11594 12565 | 13505 | 14428 | 15360 | 16263 
40% 8349 | 9483 | 10586 | 11680 12766 | 13827 | 14863 15881 16909 | 17904 
404 8461 9609 | 10727 | 11836 | 12927 | 14012 | 15062 16094 | 17136 | 18145 


42% 9259 | rosr7 | 11743 | 12958 | 14153 | 15342 | 16495 | 17627 | 18770 | 19877 
42% 9376 | 10650 | 11892 | 13123 | 14333 | 15538 16705 | 17852 | 19010 | 20131 

+ 10216 | 11606 | 12960 | 14303 | 15623 | 16937 | 18213 19466 | 20730 | 21955 
444 10339 | 11746 | 13116 | 14476 | 15812 | 17143 18434 | 19702 | 20981 | 22222 


46% 11221 | 12748 | 14238 | 15714 | 17167 | 18612 | 20017 21396 | 22787 | 24136 
463 11350 | 12895 | 14402 | 15895 | 17365 | 18828 | 20249 21643 | 23051 | 24416 
48% 12273 | 13944 | 15576 | 17193 | 18783 | 20367 | 21907 | 23417 | 24943 26422 
483 12408 | 14098 | 15747 | 17382 | 18990 | 20593 | 22149 23677 | 25219 | 26715 


50% 13372 | 15195 | 16974 | 18738 | 20473 | 22201 23882 | 25531 | 27196 | 28811 
503 13513 | 15355 | 17153 | 18936 | 20689 | 22437 | 24135 | 25082 | 27485 | 20117 
gat | 14519 | 10499 | 18433 | 20350 | 22236 | 24115 | 25944 | 27737 | 29548 | 31304 
nen 14666 | 16666 | 18620 | 20556 | 22462 24360 | 26207 | 28019 | 29848 | 31623 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 
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TABLE 33.— Continued. 


Moments oF INERTIA OF Four ANGLES witH UNEQUAL Lecs, Axis X—X. 
Lone Lecs TurNED Out. ; 


Moments of Inertia For Distances 
of Four Angles, Measured 
Axis X-X, from 
Long Legs Turned Out. Back to Back, 


8” x 6, Long Legs Turned Out. 
qe” 4” Ps" a" RR’ au 33’ ¥”" 48” 
23-72 27.00 30.24 33-44 36.60 39-76 42.88 45.92 49.00 


Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, In.4. 


15713 | 17858 | 19953 | 22029] 24072| 26108 28091 30034. | 31997 | 33902 
15866 | 18031 | 20147 | 22244 24307| 26364 | 28365 | 30328 | 32310] 34234 
16955 | 19270 | 21533 | 23775| 25982| 28181 | 30323 | 32423 | 34545 | 36603 
17114 | 19450 | 21735 | 23998] 26226| 28446 | 30608 | 32728 | 34870] 36948 


18244 | 20736 | 23174 | 25588] 27964] 30333 | 32642 | 34904 | 37190] 39409 
18409 | 20923 | 23383 | 25819| 28217] 30608 | 32938 | 35221 37528 | 39767 
19581 | 22257 | 24875 | 27467| 30020] 32564 | 35046 | 37477 | 39934 | 42318 
19751 | 22450 | 25091 | 27707| 30282| 32850 | 35353 | 37805 | 40284 | 42689 


20965 | 23831 | 26636 | 29414] 32149] 34876 | 37536 | 4o142| 42775 | 45331 
21141 | 24032 | 26860 | 29662] 32420] 35171 | 37853 | 40482 | 43137 | 45715 
22396 | 25459 | 28458 | 31427| 34351] 37266] 4o112| 42899 | 45715 | 48449 
22579 | 25667 | 28690 | 31684] 34632] 37572 | 40440] 43250 | 46089 | 48846 


23875 | 27142 | 30340 | 33508] 36627] 39737] 42774 | 45747 | 48752 | 51670 
24064 | 27356 | 30580 | 33772] 36916] 40052 | 43112 | 46110 | 49139 | 52080 
25402 | 28878 | 32283 | 35655| 38975| 42287 | 45521 | 48687 | 51888 | 54996 
25596 | 29099 | 32530 | 35928] 39274] 42612 | 45870] 49061 | 52287 | 55419 


26976 | 30669 | 34287 | 37869| 41397| 44916 | 48354 | 51719 | 55121 | 58425 
27176 | 30896 | 34541 | 38150| 41705] 45251 | 48714 | S2i05'| 55532 | 5886r 
28597 | 32513 | 36351 | 40150] 43892] 47625 | 51273 | 54843 | 58453 | 61958 
28803 | 32747 | 36613 | 40440] 44209| 47970 | 51644 | 55240 | 58876 | 62407 


30478 | 34652 | 38745 | 42796] 46787] 50768 | 54659 | 58468 | 62318 | 66058 
32200 | 36611 | 40937 | 45219| 49437| 53646 | 57760 | 61787 | 65858 | 69812 
33969 | 38625 | 43190 | 47709} 52161] 56603 | 60947 | 65198 | 69495 | 73671 
35786 | 40692 | 45503 | 50266] 54958] 59640] 64220] 68700 | 73231 | 77633 


37651 | 42813 52889 | 57828 | 62757 | 67578 | 72295 | 77065 | 81699 
39562 | 44988 55800 | 60771} 65953 | 71022 | 75981 | 80997 | 85870 
41522 | 47217 58337 | 63788] 69228 | 74552 | 79760 | 85026] 90144 
43528 | 49500 61162 | 66878] 72583 | 78168 | 83630 | 89154 | 94523 


45583 | 51837 64053 | 70041| 76017 | 81869 | 87592 | 93380 | 99005 
47684 | 54228 | 606 67011 | 73277] 79531 | 85656 | 91646 | 97704 | 103591 
49833 | 56674 70036} 76586| 83125 | 89529 | 95791 | 102125 | 108282 
52030 | 59173 73128 | 79969} 86798 | 93488 | 100029 | 106645 | 113076 


54274 | 61726 76287 | 83425] 90551 | 97532 | 104358 | 111263 | 117975 
56565 | 64333 79512} 86954] 94383 | 101662 | 108779 | 115979 | 122977 
58904 | 66994 82805 | 90556] 98294 | 105878 | 113292 | 120792 | 128083 
61290 | 69709 86164] 94231 | 102285 | 110180 | 117897 | 125 04 | 133294 


63724 | 72478 89590| 97980| 106356 | 114567 | 122594 | 130714 | 138608 
66205 | 75301 93084 | 101802 | 110506] 119041 | 127382 | 135822 | 144027 
68733 | 78178 96644 | 105697 | 114736 | 123600 | 132263 | 141028 | 149549 
71309 | 8IIIO 100270 | 109665 | 119045 | 128244 | 137235 | 146331 | 155175 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 


TABLE 34. 


Moments or INERTIA OF Four ANGLES wiTtH UNEQuAL Leas, Axis X-X. 
SHort LEGS TuRNED Out. 


= 
a 


Moments of Inertia 
of Four Angles, 
Axis X-X, 

Short Legs Turned Out, 


For Distances 
Measured 
from 
Back to Back. 


bq 
oe Se ees 


K 


3 X 24%”, Short Legs Out. “X24, Short Legs Out. ” x 3!, Short Legs Out. 
3 4 3 
air ts!” ua &. te’ ay Be a 


5.24 | 6,48 x 8.88 | 10,00 x fs r 9-72 5 a 9 92 | 11.48 | 13.00 


Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, In.‘. 


W|cono|e 


PL) ela al 


118 | 131 
127 | 141 
136 | I51 
145 | 161 


alco bol 


15s | 172 
165 | 184 
175 | 195 
186 | 207 
197 | 220 
209 | 233 
221 | 246 
233 | 260 
245 | 274 
258 | 289 
272 | 304 
285 | 319 
299 | 335 
314 | 351 
329 | 368 
344 | 385 
359 | 402 
375 | 420 
391 | 438 
407 | 457 
424. | 476 
442 | 495 
459 | 515 
477 | 535 
495 | 556 
514 | 577 
533i | 599) 
461 553 | 620 
477 573 | 643 
429 | 493 593 | 665 
503 | 579 699 | 785 
519 | 596 721 | 810 
534 | 615 744 | 836 
550 633 767 862 
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TABLE 34.— Continued. 
Moments or INERTIA OF Four ANGLES WITH UNEQUAL LeEcGs, Axis X-X. 
; SHort Lecs TuRNED Out. 


Moments of Inertia ’ For Distances 
of Four Angles, J Measured 
Axis X-X, Cs aera p= from 
Short Legs Turned Out, Back to Back. 


Size. 5” <3”, Short Legs Turned Out. 
Thick. ws” Fad val’ Pe ys”” gu RY” Thick, a ye” 4" 3,’ ql 


Area 41S] 9.60 | 11.44 | 13.24 | 15.00 | 16.72 | 18.44 | 20.r2 |Area[4s| 13.44 | 13.24 15,00 16.72 18.44 


Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, In.4. 


147 | 174 222| 244| 265 1046 | 1202] 1356] 1505] 1649 
156| 184 235 | 259) 281 1073 | 1234] 1392] 1544| 1692 
165 | 195 249| 274) 298 1273 | 1464] 1652]. 1835] 2011 
174 | 206 263 | 290] 315 1303 | 1499] 1692] 1878] 2059 
184 | 217 278| 307] 333 1523] 1753| 1979] 2198| 2410 
194| 229 293 | 323| 352 1556| 1791 | 2022] 2245] 2463 
204.| 241 309) 341) 371 1796 | 2068] 2335] 2594) 2847 
215 | 253 325| 359] 390 1831 | 2109] 2382] 2646] 2904 
226 | 266 342 | 377] 4II 2091 | 2409] 2721] 3024] 3320 
237 | 28> 359| 396) 431 2130| 2454] 2772| 3080] 3381 
248 | 293 376 | 416) 453 2410| 2777] 3137] 3487| 3829 
260 | 307 394] 436] 475 2451 | 2825] 3192] 3547] 3896 
272 | 321 413 | 456) 497 2751| 3172] 3584) 3984] 4376 
284 | 336 432) 477) 520 2796 | 3223 | 3642] 4048] 4447 
297| 351 451) 499 3116 | 3593 4060] 4514| 4960 
310| 366 471| 521 3163 | 3647| 4122) 4583] 5035 
323 | 382 492| 544 3503 | 4040] 4566] 5078| 5580 
336 | 398 6| 512) 567) 6 3553) 4098] 4632] 5151} 5660 
350| 414 533) 591 3913 5102] 5675) 6238 
364] 431 | 494] 555} 6 727 3966 5172| 5752| 6322 
379 | 448 578 757 4346 5669 | 6305 | 6932 
393 | 467 601 787 4402 5742 | 6386] 7021 
408 | 484 624 818 4802 6265 | 6969| 7663 
424 | 502 647 849 4861 6342 | 7055| 7757 
439 | 520 672 881 5281 6891 | 7667] 8431 
455 | 539 696 914 5342 6972 | 7756| 8530 
472| 558 721 947 5782 7547 | 8398 | 9236 
488 | 578 747 981 5847 7632 | 8491| 9339 
505] 598 773 I0IS 6307 8234 | 9162 | 10078 
522 | 618 799 IOSI 6374 8322 | 92 O| 10186 
539| 639 826 1086 6854 8950 | 9960 | 10956 
557 | 660 854 1123 6924 9042 | 10062 | 11069 
575 | 682 882 1160 7425 9696 | 10791 | 11872 
593 | 703 910 1198 3 | 7497 9792 | 10897 | 11989 
690 | 818 1059 1395 8018 10472 | 11655 | 12824 
710 | 841 1090 1437 8094 10572 | 11766 | 12946 
730 | 866 1122 1479 8634. 11279 | 12553 | 13814 
751| 890 1154 1522 8712 11382 | 12668 | 13940 
772| O15 1186 1565 9273 12115 | 13485 | 14840 
793 | 941° 1219 1609 9354 12222 | 13603 | 14971 
815 | 966 1253 1654 9935 12981 | 14450 | 15903 
21} | 837] 992 1287 1699 10019 13092 | 14573 | 16038 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 


Moments of Inertia 


of Four Angles, 


Axis 
Short Legs T 


X-X, 
urned Out. 
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TABLE 34.— Continued. 


Moments oF INERTIA oF Four ANGLES wiITH UNEQUAL Lecs, AxIs X—X. 
SHort LeGs TURNED OvT. 


5 X 33, Short Legs Turned Out. 


For Distances 
Measured 


from 


Back to Back. 


Thick. By a 4” fa’” gr pe Fd Thick, 3” Ya!’ 4” fe!’ dd A” au 
Area 4|s| 12.20] 14.12 | 16.00 | 17.88 | 19.68 | 21.48 | 23.24 JArea 4|s| 12.20 | 14.12 | 16.00 17.88 | 19.68 | 21.48 | 23.24 
d” Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, In.4. 

2 | 193 246| 272| 296| 320] 340] 32% | 2601] 3002| 3388) 3775) 4143) 4509| 4859 
1oz | 204| 234| 261] 288| 314] 339] 361] 323 | 2646| 3054) 3446) 3840) 4214) 4587| 4942 
11 | 216] 247] 276| 305| 332) 359] 382] 34% | 2967| 3426) 3867| 4309] 4731) 5149) 555° 
11g | 228| 261] 292| 322] 351| 380| 405] 34% | 3015] 3481/ 3929) 4379) 4807) 5233 5639 
114 | 240] 275| 308] 340| 371] 4or| 428) 304 | 3358) 3877| 4378] 4880) 5357) 5833) 0288 
Ig | 253] 290| 324] 359) 391| 423| 451 363 | 3409] 3936] 4444] 4953) 5439) 5921 6383 
12, | 266] 305] 341| 378) 412| 445 | 475 38% | 3773] 4357| 4920) 5485) 6024 6559) 7072 
12 | 280] 321| 359] 398| 433 409| 501] 38% | 3827) 4419) 4990 §564| 6110| 6653) 7173 
123 | 294| 337] 377| 418| 456| 493 526| 40% | 4213] 4866] 5495| 6127) 6729) 7328| 7903 
122 | 308| 354| 396| 439| 478| 517| 553] 402 | 4270| 4931| 5569) 6210) 6820) 7427| 8010 
13 |-323| 3701 415| 460] 502] 5431 580] 424 | 4677) 5402| 6102) 6805) 7474) 8140) 8780 
132 | 338) 388) 434| 482) 525] $69) 608] 429 | 4737| 5471) 6180) 6892) 7570 8245] 8893 
134 | 353| 406] 454] so4| 550] 595| 637] 44% | 5165) 5967| 6741) 7518) 8258 8995, 9704 
132 | 369| 424| 475| 527| 575| 623| 666] 442 | 5228) 6039) 6823] 7610) 8359) 9105| 9822 
14 386| 443] 496] 551] 6or| 651) 656) 462 | 5678 6560| 7412] 8267) 9082) 9894|10674 
14k | 402| 462] 518] 575] 627| 679| 727| 463 | 5744| 6636) 7498] 8363] 9188|10009|10798 
144 | 419| 482] 540] 599| 654] 709] 759] 48% | 6245] 7181) 8115) 9052] 9945|10835|1 1601 
14% | 437| 502| 563] 625] 682) 739) 791| 482 | 6285 7260| 8205) 9152/10055|10955|11821 
15 454| §22| 586| 650| 710| 770| 824} 50% | 6777| 7830] 8850 9872/10847/11819]12754 
1st | 472| 543| 609| 677| 739| 80r| 858] 50% | 6849] 7913| 8944) 9977|10963)11945|12890 
15s | 491| 564| 633] 704| 768] 833} 892 524 | 7363| 8508) 9617|10728|11789 12846)13864 
152 | sto| 586| 658] 731] 798| 866] 928] 522 | 7438) 8594) 9715 10838] 11909|12977|14005 
16 529| 609] 683| 759] 829] 899] 964] 54% | 7973] 9214|10415 11620]12770|13915|15020 
164 | 549| 631| 709| 788] 860] 933} 1000] 54% | 8052) 9304)10518)11734 12895|14052|15167 
164 | 569| 654| 735) 817] 892] 968] 1038] 56% | 8608] 9948 11246/12548)13790|15028 16223 
163 | 589| 678| 761| 846| 925 | 1203] 1076] 563 | 8689/10041/11352 12667|13921|15170|16376 
18 697| 803] 902 | 1003 | 1097] 1190] 1277| 58% | 9267|10710)12109)/13512 14850|16184|17472 
182 | 720] 829] 932 | 1036| 1133 |1230|1320] 583 | 9352/10807)12219 13635|14985|16332|17631 
184 | 743) 856| 962 | 1070] 1170 | 1270 | 1363 2 | g950/r1501/13004)14511|15949|17383|18768 
182 | 767 883 | 992 | 1104 | 1207 |1311|1407| 603 |10038/11601)13118 14639| 16089 17536)18932 
20% | g15 | 1055 | 1186! 1319 | 1445 | 1569 | 1686] 62% '10658|12319 13931|15546|17088|18625|20110 
20k | 942 | 1085 | 1221 | 1357 | 1487| 1615 | 1735 | 623 |10749|12424/14049 15678)|17233|18783|20280 
224 |1135 | 1309 | 1473 | 1639 | 1796 | 1952 | 2099] 64% |11391|13166|14890 16617|18266|19909/21498 
22k |1165 | 1342 | 1511 | 1682 | 1843 | 2003 | 2153] 643 |11485/13274/IS012 16753|18416|20073|21675 
24% |1379 | 1591 | 1792 | 1995 | 2187 | 2377 | 2558 2 |12148)14042)15881|17724|19483)/21237|22934 
24h - |1412 | 1628 | 1834 | 2042 | 2239 | 2434.| 2618] 663 |12245/14153 16007| 17864] 19638|21406|23 11 
26% |1648 | 1901 | 2143 | 2386 | 2617 | 2846 | 3063 | 68% |12929/14945 16904|18866|20739/22608/24415 
26% |1684 |.1942 | 2189 | 2438 | 2674 | 2908 | 3129] 68% |13029)15060|17034| 19011 20899|22782/24603 
284 |1941 | 2240 | 2526 | 2813 | 3086 | 3357 | 3615| 70% |13734|15877/17958)20044/2203 52402125943 
28% |1980 | 2284 | 2576 | 2869 | 3148 | 3424 | 3687] 702 |13837 15996|18093|20194|22200|24201/20137 
304 |2259 | 2607 | 2941 | 3276 | 3595 | 3912 | 4214| 724 |14564|16837|19045/21258]23371|25478/27518 
30% |2301 | 2655 | 2995 | 3337 | 3661 | 3984. | 4291 | 724 |14670|16959|19183/21412|23540|25663/27717 


83 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 


TABLE 34.— Continued. 


MoMENTs OF INERTIA OF Four ANGLES wiTH UNEQUAL LEGs, Axis X-X. 
SHort LEGS TuRNED OvuT. 


For Distances 
Measured 
from 
Back to Back, 


Moments of Inertia 
of Four Angles, 
Axis X-X, 

Short Legs Turned Out. 


Size, 6” x 4’’, Short Legs Turned Out. 
Thick, 3” Lae Pa Be Pe WY” 3” aA” x 35/7 Pd 
Area 4[s| 14.44 16.72 19.00 21.24 23-44 25.60 27-76. 29.88 31.92 34-00 36.00 
da” Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, In.4, 


123 322 370 414 459 502 541 581 619 655 691 722 
I4¢ 442 | 508 571 633 693 748 805 858 git 962 | 1007 
143 461 530 595 660 723 781 840 897 951 | 1005 | 1052 
16 606 697 785 871 955 1033 112 | 1188 | 1262] 1335 1400 
163 629 | 723 814 | 904] 991 | 1072 | 1155 | 1235 | 31311 | 1386] 1454 
183 799 920 1037 152 1264. 1369 1476 1578 1677 | 1776 | 1864 
183 825 950 IO7I | 1190] 1306] 1415 | 1525 | 1632 | 1734 | 1836] 1928 
20% 1021 1177 1327 1476 1620 1756 1895 2028 2156 | 2285 2401 
205 1OSI | 1211 1366 | I5r 1668 1808 | 1951 | 2089] 2221 | 2353 | 2473 


22g | 1272 | 1466 1655 | 1842 | 2023 | 2195 | 2369 | 2537] 2699 | 2862] 3010 
223 =| 1305 | 1505 1699 | 1890 | 2077] 2253 | 2432 | 2606 

244 1552 | 1790 2021 | 2250 | 2473 | 2685 | 2899 | 3107] 3306] 3507 | 36901 
242 | 1589 | 1832 2070 | 2304 | 2533 | 2749 | 2969] 3183 | 3387] 3592 | 3781 


26% | 1860 | 2146 2425 | 2701 | 2970] 3226] 3485 | 3736] 3977 | 4220] 4443 
263 | 1901 | 2193 | 2479 | 2760| 3035 | 3297 | 3562 | 3819 | 4066] 4314 | 4543 
282 | 2198 | 2536 2868 | 3195 | 3513 | 3818 | 4126 | 4424 | 4711 |. soor| 5268 
283 | 2242 | 2587 | 2925 | 3259 | 3585 | 3895] 4210| 4516] 4808] 5103 | 5376 


30% | 2564 | 2960 3348 | 3730 | 4104 | 4461 | 4822 | 5173 | 5510] 5850] 6165 
303 2612 | 3015 3410 | 3800] 4181 | 4545 | 4913 5272 | 5614 | 5961 | 6282 
324 | 2959 | 3417 | 3866 | 4309] 4741] 5156] 5574 | 5o8x | 6372 | 6767 | 7134 
323 | 3011 | 3476 | 3933 | 4384 | 4824 | 5246 | 5672 6087 | 6484 | 6886 | 7260 


34% | 3383 | 3907 | 4422 | 4930] 5425 | soor| 6382) 6849 | 7298 | 7752 | 8174 
342 | 3439 | 3971 | 4494] 5010} 5514 | 5998 | 6486) 6963 |} 7418 | 7880] 8310 
30g | 3836 | 4431 | So16| 5593 | 6156] 6698 | 7245 | 7777 | 8288 | 8805 | 9287 
363 | 3895 | 4499 | 5093 | 5679 | 6251 | 6801 | 7356 7898 | 8416 | 8941 | 9431 
382 | 4318 | 4988 | 5648] 6299 | 6934] 7546] 8163 | 8764 | 9341 | 9926 | 10472 
383 4381 | 5060 5730 | 6390 | 7035 | 7656 | 8282 8893 9478 | 10071 | 10625 
402 | 4829 | 5579 | 6318 | 7047] 7759 | 8446] 9137 | 9812 | 10459 | 11115 | 11729 
403 | 4895 | 5655 6405 | 7143 | 7866 | 8562 | 9263 | 9948 | 10603 | 11268 | 11891 


42% | 5369 | 6203 7026 | 7838 | 8631 | 9396 | 10167 | 10919 | 11640 | 12372 | 13058 
42% | 5438 | 6283 7118 | 7940 | 8743 | 9519 | 10300 | 11062 | 11793 | 12534 | 13229 
44% | 5937 | 6861 7773 | 8671 | 9550 | 10398 | 11252 | 12085 | 12885 | 13697 | 14458 
443 | 6010 | 6945 7868 | 8778 | 9668 | 10527 | 11392 | 12237 | 13046 | 13867 | 14638 


46i | 6535 | 7552 | 8557 | 9547 | 1o5rs | 11451 | 12393 | 13312 | 14194 | 15090 | 15931 
46% | 6611 | 7640 8657 | 9659 | 10639 | 11586 | 12539 | 13471 | 14363 | 15269 | 16120 
48% | 7161 | 8276 | 9379 | 10465 | 11527 | 12555 | 13589 | 14598 | 15567 | 16551 | 17476 
483 | 7241 | 8369 | 9484 | 10583 | 11657 | 12697 | 13742 | 14764 | 15744 | 16738 | 17674 
50r | 7816 | 9034 | 10239 | 11426 | 12587 | 13710 | 14841 | 15944 | 17004 | 18080 | 19093 
505 7900 | 9131 | 10349 | 11549 | 12722 | 13858 | rSoor | 16118 | 17189 | 18275 | 19300 
52% | 8500 | 9826 | 11137 | 12429 | 13693 | 14917 | 16148 | 17350 | 18505 | 19677 | 20781 
523 8588 | 9927 | 11252 | 12557 | 13834 | 15071 | 16315 | 17531 | 18697 | 19881 | 20997 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 


Moments of Inertia 
of Four Angles, 

Axis X-X, 

Short Legs Turned Out. 


TABLE 34.— Continued. 


Moments or INERTIA OF Four ANGLES WITH UNEQUAL LeEGs, AxIs X—X. 
SHortT LEGs TurRNED OvtT. 


7 
jh 


meee een Quine 


For Distances 
Measured 
from 
Back to Back, 


6” x 4, Short Legs Turned Out. 
Thick. Ve ye" wv 3y'’ a" 1h” i” 43” ”’ aR” x! 
Area 4|s| 14.44 16.72 19.00 21.24 23-44 25.60 27-76 29.88 31.92 34-00 36.00 
d”’ Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, 1n.4. 
542”| 9213 | 10650 | 12073 | 13475 | 14846 | 16175 | 17511 | 18816 | 20069 | 21342 | 22542 
544 | 9304) 10756 | 12193 | 13608 | 14993 | 16335 | 17685 | 19004 | 20269 | 21554 | 22767 
56% | 9955 | 11509 | 13047 | 14563 | 16046 | 17484 | 18929 | 20341 | 21697 | 23075 | 24375 
56% | 10049 | 11618 | 13172 | 14701 | 16199 | 17651 | 19110 | 20537 | 21906 | 23296 24609 
58% | 10725 | 12400 | 14059 | 15693 | 17292 | 18844 | 20403 | 21926 | 23389 | 24876 26280 
58% | 10824 | 12514 | 14189 | 15837 | 17452 | 19016 | 20591 | 22130 | 23606 | 25105 | 26523 
60% | 11525 | 13325 | 15110 | 16866 | 18586 | 20255 | 21932 | 23571 | 25145 | 26744 | 28256 
4 | 11627 | 13443 | 15244 | 17016 | 18751 | 20434 | 22127 | 23782 | 25370 | 26983 | 28509 
623 | 12353 | 14284 | 16198 | 18082 | 19927 | 21718 | 23517 | 25276 | 26965 | 28681 | 30305 
624 | 12459 | 14406 | 16336 | 18237 | 20097 | 21903 | 23719 | 25494 | 27197 | 28928 | 30566 
64% | 13211 | 15276 | 17324 | 19340 | 21314 | 23231 | 25157 | 27040 | 28849 | 30686 | 32426 
642 | 13320 | 15402 | 17467 | 19500 | 21491 | 23423 | 25366 | 27266 | 29089 | 30942 | 32696 
664 | 14097 | 16301 | 18488 | 20641 | 22748 | 24796 | 26853 | 28265 | 30796 | 32759 | 34619 
663 | 14210 | 16432 | 18636 | 20806 | 22931 | 24994 | 27069 | 29098 | 31045 | 33023 | 34898 
684 | 15012 | 17360 | 19690 | 21984 | 24229 | 26412 | 28604 | 30748 | 32807 | 34900 | 36883 
68% | 15128 | 17495 | 19843 | 22154 | 24418 | 26617 | 28827 | 30989 | 33064 | 35173 | 37172 
70k | 15956 | 18453 | 20930 | 23369 | 25758 | 28080 | 30411 | 32692 | 34882 | 37109 | 39220 
7ok | 16076 | 18591 | 21088 | 23545 | 25952 | 28291 | 30641 | 32940 | 35147 | 37390 | 39517 
72k | 16929 | 19578 | 22208 | 24797 | 27332 | 29798 | 32274 | 34696 | 37021 | 39386 | 41629 
72k | 17052 | 19721 | 22371 | 24978 | 27533 | 30016 | 32510 | 34951 | 37294 | 39676 | 41935 
74% | 18058 | 20885 | 23692 | 26454 | 29160 | 31792 | 34435 | 37022 | 39505 | 42029 | 44425 
764 | 19092 | 22082 | 25051 | 27972 | 30835 | 33619 | 36416 | 39152 | 41780 | 44451 | 46987 
784 | 20155 | 23312 | 26447 | 29533 | 32556 | 35498 | 38452 | 41343 | 44118 | 46940 | 49620 
Bos | 21247 | 24576 | 27882 | 31136 | 34325 | 37427 | 40543 | 43593 | 46520 | 49498 | 52326 
82k | 22368 | 25873 | 29355 | 32782 | 36140 | 39408 | 42690 | 45902 | 48986 | 52123 | 55104 
84% | 23517 | 27203 | 30866 | 34470 | 38002 | 41440 | 44892 | 48272 | 51516 | 54817 | 57954 
86 | 24696 | 28567 | 32415 | 36201 | 39911 | 43524 | 47150 | 50701 | 54110 | 57578 | 60875 
884 | 25903 | 29965 | 34002 | 37974 | 41867 | 45658 | 49464 | 53190 | 56768 | 60408 | 63869 
got | 27140 | 31396 | 35627 | 39789 | 43869 | 47844 | 51833 | 55739 | 59489 | 63305 | 66935 
924 | 28405 | 32860 | 37290 | 41647 | 45919 | 50081 | 54258 | 58347 | 62275 | 66271 | 70073 
94% | 29699 | 34358 | 38090 | 43548 | 48015 | 52369 | 56738 | 61016 | 65124 | 69304 | 73282 
964 | 31022 | 35889 | 40729 | 45491 | so1s9 | 54708 | 59273 | 63744 | 68037 | 72406 | 76564 
984 | 32374 | 37454 | 42506 | 47476 | 52349 | 57099 | 61864 | 66531 | 71014 | 75575 | 79918 
100% | 33755 | 39052 | 44321 | 49504 | 54586 | 59541 | 64511 | 69379 | 74054 | 78812 | 83344 
102k | 35164 | 40683 | 46174 | 51575 | 56870 | 62034 | 67213 | 72286 | 77159 | 82118 86841 
1044 | 36603 | 42348 | 48065 | 53688 | 59201 | 64578 | 69971 | 75253 | 80327 | 85491 | 904IT 
106} | 38070 | 44047 | 49994 | 55843 | 61579 | 67173 | 72784 | 78280 | 83560 | 88933 | 94053 
1084 | 39566 | 45779 | 51961 | 58041 | 64003 | 69820 | 75653 | 81367 | 86856 | 92442 | 97767 
110} | 41092 | 47544 | 53966 | 60282 | 66475 | 72517 | 78577 | 84513 90216 | 96020 |101553 
1124 | 42646 | 49343 | 56008 | 62564 | 68993 | 75267 | 81557 | 87719 | 93639 | 99665 |105410 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 
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TABLE 34.— Continued. 


Moments oF INERTIA OF FouR ANGLES wiITH UNEQUAL LEGs, Axis X—X. 
SHort LEGS TURNED OUT. 


Moments of Inertia For Distances 


of Four Angles, x Measured 
Axis X-X, a from 
Short Legs Turned Out. Back to Back, 


we 
i= 
s 


8” x 6”, Short Legs Turned Out. 
18” 


42.88 


4 3 gv HY” q 


+ 18” x 


Area 4[s| 23.72 27.00 30.24 33-44 36.60 39-76 45.92 49.00 52,00 
d” Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, In.4, 


163" | 955 | 1079] 1197] 1314 1429 1541 1645 1750 1854 1954 
184 1214 | 1373 1524 1675 1822 1967 2103 2238 2373 2503 
185 1254 1418 1575 1731 1883 2033 2174 2314 2454 2588 
20% 1554 | 1759 | 1955 2150 2341 2529 2706 2883 3059 3229 
203 1600 | 1812 | 2013 2215 2411 2605 2788 2970 3152 3327 


223 1942 | 2200] 2447 | 2692 | 2933 3170 | 3395 3619 | 3842 | 4058 
225 1994 | 2259 | 2512 | 2765 3012 | 3256 | 3488 | 3717 | 3947 | 4169 
244 | 2377 | 2694 | 2999 | 3301 | 3508 | 3891 | 4170 | 4447 |~ 4724 | 4991 
242 | 2435 | 2760 | 3072 | 3382 3686 | 3987 | 4273 4557. | 4841 5115 
26; | 2860 | 3243 | 3611 | 3977 | 4336 | 4692 | 5031 | 5366 | 5703 | 6029 
263 | 2924 | 3315 | 3692 | 4066 | 4433 4797 | 5144 | 5488 | 5833 6166 
28 | 3390] 3845 | 4284] 4720 | 5147 | 5572 | 5977 | 6378 | 6781 | 7170 
283 | .3460| 3924] 4372 4818 5254 5687 6101 6511 6923 7320 


302 | 3968] 4501 | Sor7 | 5530 | 6032 | 6531 7009 | 7482 | 7956 | 8416 
303 | 4043 | 4587 | 5113 | 5635 6148 | 6656 | 7144 | 7626 | 8110 | 8579 
324 | 4593 | 5212 | 5811 | 6406 | 6990 | 7570 | 8127 | 8677 | 9230 | 9765 
323 4674 | 5304 | 5914 | 6520 75 7705 8273 8833 9396 | 9941 
342 | 5265] 5976 | 6665 | 7349 | 8021 | 8688 | 9331 | 9964 | 10602 | 11218 
342 | 5353 | 6075 | 6776 | 7472 | 8155 8834 | 9487 | 10131 | 10780 | 11407 
364 5985 | 6794 | 7580 8360 9125 9886 | 10620 | 11343 1207] 12776 
363 6078 | 6900 | 7698 8491 9268 | 10042 | 10787 | 11522 | 12262 | 12978 


38% | 6752 | 7667) 8555 | 9437 | 10303 | 11164 | 11995 | 12814 | 13639 | 14437 
384 6852 | 7780 | 8681 9576 | 10455 11329 | 12173 13004 | 13841 14652 
40% 7567 | 8593 | 9591} Yos8x | 11553 | 12521 | 13456 | 14376 | 15304 | 16203 
404 7672 | 8713 | 9725 | 10728 | 11715 | 12696 | 13645 14578 | 15519 | 16431 
424 8429 | 9573 | 10687 | 11791 12877 | 13957 15003 16031 17068 18072 
423 8540 | 9700 |} 10828 | 11948 13048 14143 15202 16244 | 17295 18313 
44% | 9339 | 10608 | 11844 | 13069 | 14274 | 15473 | 16635 | 17777 | 18929 | 20045 
444 9456 | 10741 | 11993 | 13234 | 14454 | 15668 | 16845 | 18002 | 19169 | 20299 


46% | 10296 | 11696 | 13061 | 14414 | 15744 | 17069 | 18354 | 19615 | 20889 22123 
463 10419 | 11836 | 13217 | 14587 | 15933 17274 18574. 19852 | 21140 | 22390 
48% IIZ01 | 12839 | 14339 | 15825 17288 18744 20158 21545 22946 24304 
483 11430 | 12985 | 14502 | 16007 17486 18959 | 20389 | 21793 23210 | 24584 


50z | 12353 | 14035 | 15677 | 17304 | 18904 | 20499 | 22047 | 23567 | 25102 | 26590 
50% 12487 |\14188 | 15848 | 17493 IQIII 20734 | 22290 | 23827 | 25378 | 26883 
52% |:13452 | 15285 | 17075 | 18849 | 20504 | 22333 | 24023 | 25681 | 27355 | 28979 
523 | 13593 | 15445 | 17254 | 19047 | 20810 | 22568 | 24277 | 25952 | 27644 | 29285 


54% | 14599 | 16590 | 18534 | 20461 | 22357 | 24246 | 26084 | 27887 | 29707 | 31472 
542 | 14746 | 16757 | 18721 | 20667 | 22583 | 24491 | 26349 | 28169 | 30007 | 31791 
56% 15793 | 17948 | 20054 | 22140 | 24193 26240 | 28231 30184 | 32156 | 34070 
563 | 15946 | 18122 | 20248 | 22355 | 24428 | 26494 | 28506 | 30478 | 32469 34402 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 
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TABLE 34.— Continued. 


MoMEnts OF INERTIA OF Four ANGLES WITH UNEQUAL LrEGs, Axis X-X. 
SHort Lecs TuRNED OUT. 


Moments of Inertia For Distances 


: 
H 
of Four Angles, x p Measured 
Axis X-X, Saas 4 from 
Short Legs Turned Out. 5 Back to Back. 
' 
enea= XY 


8” x 6, Short Legs Out. 
4” fs’ g” Ly” yr 43” ae 8” 
Area 4|s| 23.72 27.00 30.24 33-44 36.60 39-76 42.88 45.92 49.00 52.00 

ad’ Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, In.4. 


19360 | 21634 | 23886 | 26103 | 28312 | 30464 | 32573 | 34704 | 36771 
58% | 17194 | 19541 | 21836 | 24109 | 26347 | 28577 | 30750 | 32878 | 35029 | 37116 
60h | 18324 | 20827 | 23274 | 25699 | 28085 | 30465 | 32782 | 35054 | 37349 | 39577 
60% | 18489 | 21014 | 23484 | 25930 | 28338 | 30739 | 33079) 35371 | 37687 | 39935 


62% | 19661 | 22347 | 24975 | 27578 | 30141 | 32696 | 35187 | 37627 | 40093 | 42486 
624 | 19831 | 22541 | 25192 | 27818 | 30403 | 32981 | 35494 | 37955 | 40442 | 42857 
64% | 21045 | 23922 | 26737 | 29525 | 32270 | 35007 | 37677 | 40292 | 42934 | 45499 
644 | 21221 | 24122 | 26961 | 29773 | 32541 | 35302 | 37995 | 40631 | 43296 | 45883 


664 | 22476 | 25550 | 28559 | 31538 | 34472 | 37398 | 40252 | 43048) 45874 | 48617 
66% | 22659 | 25757 | 28791 | 31795 | 34753 | 37703 | 40581 | 43400 | 46248 | 49014 
684 | 23955 | 27232 | 30441 | 33619 | 36748 | 39869 | 42914 | 45897 | 48911 | 51838 
68% | 24143 | 27446 | 30681 | 33884 | 37037 | 40183 | 43254 | 46259.| 49298 | 52248 


70k | 25482 | 28969 | 32384 | 35766 | 39096 | 42418 | 45661 | 48837 | 52047 | 55164 
70k | 25676 | 29190 | 32631 | 36039 | 39395 | 42743 | 46012 | 49211 | 52446 | 55587 
724 | 27056 | 30759 | 34388 | 37980 | 41518 | 45048 | 48494 | 51869 | 55280 | 58593 
723 | 27256 | 30987 | 34642 | 38261 | 41826 | 45382 | 48856 | 52255 | 55691 | 59029 


74% | 28883 | 32838 | 36714 | 40551 | 44330] 48101 | 51785 | 55390 | 59035 | 62575 
76% | 30557 | 34743 | 38846 | 42907 | 46908 | 50899 | 54800 | 58617 | 62477 | 66226 
78% | 32279 | 36702 | 41038 | 45330] 49558 | 53777 | 57901 | 61937 | 66017 | 69980 
804 | 34049 | 38715 | 43291 | 47820 | 52282 | 56734 | 61088 | 65347 | 69654 | 73839 


82% | 35866 | 40782 | 45604 | 50377 | 55079 | 59771 | 64361 | 68850 | 73390 | 77801 
84% | 37730 | 42903 | 47978 | 53000 | 57949 | 62887 | 67719 | 72445 | 77224 | 81867 
864 | 39642 | 45078 | 50412 | 55691 | 60893 | 66083 | 71163 | 76131 | 81156 | 86038 
88% | 41601 | 47308 | 52907 | 58449 | 63909 | 69359 | 74693 | 79910 | 85185 | 90312 


gok | 43608 | 49591 | 55463 | 61273 | 66999 | 72714 | 78309 | 83780 | 89313 | 94691 
92% | 45662 | 51928 | 58078 | 64164 | 70162 | 76148 | 82010 | 87742 | 93539 | 99173 
94% | 47764 | 54319 | 60755 | 67122 | 73398 | 79662 | 85797 | 91796 | 97863 | 103759 
96% | 49913 | 56764 | 63491 | 70147 | 76707 | 83256 | 89670 | 95941 | 102284 | 108450, 


98 | 52109 | 59263 | 66288 | 73239 | 80090] 86929 | 93629 | 100179 | 106804 | 113244 
rook | 54353 | 61816 | 69146 | 76398 | 83546 | 90681 | 97674 | 104508 | 114422 | 118143 
102% | 56645 | 64423 | 72064 | 79623 87075 | 94513 | 101804 | 108929 | 116138 | 123145 
104% | 58983 | 67085 | 75043 82916 | 90677 | 98425 | 106020 | 113442 | 120951 | 128251 


1063 | 61370 | 69800 | 78082 | 86275 | 94352 | 102416 | 110321 | 118047 | 125863 | 133462 
1084. | 63803 | 72569 | 81182 | 89702 | 9g8ror | 106487 | 114709 | 122744 | 130873 138776 
110% | 66284 | 75392 | 84342 93195 | 101923 | 110637 | 119182 | 127532 | 135981 | 144195 
1124 | 68813 | 78269 | 87562 | 96755 | 105818 | 114867 | 123741 | 132413 | 141186 | 149717 


1143 | 71389 | 81200 | 90843 | 100382 | 109786 | 119176 | 128386 | 137385 | 146490 | 155343 
116% | 74012 | 84185 | 94185 | 104075 | 113827 | 123564 133116 | 142449 | 151892 | 161074 
1183 | 76683 | 87224 | 97587 | 107836 | 117942 | 128033 | 137993 | 147605 | 157392 | 166908 
1204 | 79402 | 90318 |101049 | 111664 | 122129 | 132580 | 142835 | 152853 | 162990 | 172847 


“Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 
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TABLE 35. 
Moments oF INERTIA OF Four ANGLES witH EquaL Lecs, Axis Y—-Y. 


Moments of Inertia 
of Four Angles, 


Axis Y-Y, = 
Equal Legs. | 


For Distances 
. Measured 
from 
Back to Back, 


8.36 |18.0 |20.2 |20.8 |21.4 |22.7 |24.0 |25.4 


13.00 |29.2 |32.8 |33-7 |34-7 |36.8 |39-0 [41.3 


og eh S38 
ot 28 Distance Back to Back in Inches. ae 
fala na 
3 -§ 4 In In? 
3-1| 3-4) 3-7 |29x25%4 ee 
txl ee eileen tl bo 
¢ 6.2| 6 <- 
3 22) |) OFF Fe i6| 8-00 
1 11.8 |12.6 |13.5 |32%32X2| 6.76 
is 15.0|16.0|17.1] “ is 
a 18.0 |19.2|20.6| “ #] 9.92 
is 21.0|22.5|24.0] “ el11.48 
4 245236.) 27,0)1 aie ey 
& 27.4129.2 131.2] “ 35|14.48 
3 30.5 [32-5 [35-2] “  8|15-92 


43 
ee Distance Back to Back in Inches, 
4 


Oy fot ate) ee ese ee $ 
5.3| 6.2} 6.5] 6:7) 7.3) 7-9) 8.5 
6.6| 7.8| 8.1] 8.5] 9.2| 9.9 |10.7 
7.9| 9.3| 9-7 |10.1 |11.0 |11.9 |12.8 


9.3 |L1-0 |L1.5 |11.9 |12.9 |14.0 |15.1 
14.2 |16.1 |16.6 |17.1 |18.1 |19.2 |20.3 


21.8 |24.3 |25.0 |25.7 |27.2 |28.8 |30.5 
26.4 |28.6 |29.5 |30.3 |32-I |34.0 |36.0 


32.8 |37.0 |38.1 |39.2 [41-6 |44.1 |46.7 
36.5 |41-2 |42.5 |43-7 |46.3 |49.1 |52.0 


Size of 
Angles, 


onl 
iJ 


nn 

an nh on 

R RA 8 
Lat 


. 
Cas haa al 


5 
plea woo 


3 ts + ts 


25.0| 25.6| 26.3} 26.9 
31-3| 32-1] 32-9] 33-7 
37-6| 38.6} 39.5| 40-5 
43-9| 45-1] 46.2] 47.4 
50.3] 51.6] 52.9| 54.3 
57.1| 58.6] 60.1] 61.6 
63.7| 65.3 | 67.0] 68.7 
70.9| 72.3] 73-8) 75-3 
82.7) 84.4| 86.1] 87.9 


C) 


cole colenms| 


lsMl 


I colen ts} 
* 


| 
o| 


jos TH colar] 


bf fe 
oe 


94.7| 96.7| 98.6 |100.6 |102.7 
107.4 |109.6 |111.9 |114.2 |116.5 
119.5 |122.0 |124.5 |127.0|129.6 
131.6 |134.4 |137-I |140.0 |142.8 


i 143-9 |146.9 |150.0 |153-0|156.2 

119.8 |121.8 |123.9 |125.9 |128.1 
wa 139.8 |142.2 |144.6 |147.0 |149.5 
4 159.8 |162.5 |165.3 |168.1 |171.0 
16 180.9 pao ht 190.3 |193.5 
im 201.2 |204.6 |208.1 |211.7 |215.3 


221.6 |225.4 |229.2 |233.2 |237-1 
243.3 |247-5 |251.7 |256.0 |260.4 
284.6 |289.5 |294.4 |299.5 |304.8 
320.3 |332.0 |337-7 |343-5 |349-5 
369.8 |374.4 379-1 |383.8 |388.7 
415.9 1421.2 [426.5 |431.8 437.3 
462.4 |468.2 |474.1 |480.1 |486.2 


3 42.12 475.8) |e eee 508.8 |515.3 [521.8 |528.4 |535.1 
2 | 45.76 | 516.8 |... |... 557-6 |564-7 |571-9 |579-2 |586.5 
PES 252) OOF cm eel loses 651.1 |659.4 |667.9 |676.4 |685.1 
14/'60.00 692-9) 3) 748.4. |758.0 |767.8 |777.7 |787-7 
1}| 66.92 | 780.8 |---| -.----- 843.4. |854.3 |865.4 |876.6 |887.9 


$ 


27-4 
34-5 
41.6 
48.6 
55-7 
63.2 
79:5 
76.8 
89.7 
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Radii of Gyration about Axis Y-Y, same as given in table of Radii of Gyration of Two Angles. 


TABLE 36. 


e 
Moments or INERTIA OF Four ANGLES witH UNEQUAL Lecs, Axis Y-Y. 
Lone Lrcs Ovt. 


Moments of Inertia For Distances 
of Four Angles, = Measured 
Axis Y-Y, from 
Long Legs Turned Out, Back to Back, 


Distance Back to Back in Inches. . Distance Back to Back in Inches, 


© Bol is é 


9.0] 10.3] 10.6 12.5 
8) 11.2] 12.9] 13.3 ; hs TG fi 
13.8] 15.7] 16.2 .9| 19.1 
16.0] 18.4] 19.0 22.4 
18.3] 21.0] 21.7] 22. 25.6 
14.4] 16.1] 16.6 19.0 
18.0) 20.2} 20.7 23.9 
21.6] 24.3] 25.0 28.8 
25.2| 28.3] 29.1 33.5 
29.2) 32-7) 33-7 
52.3] 56.3) 57-4 
62.7| 67.6) 68.9 
73.2| 79-3| 80.8 
84.0] 90.5] 92.3 
94.0) 101.8) 103.8 
105.3|/113.8) 116.1 
115.9|125.2|127.7 


ei 

w 
tI folk Roe onfea 
sen aS 


alti] ooleo! 
|e ahs 

|. Balt] coco | 
eae iat 


2) 
I-Foo|en 
i" 


| 
C) 


; olen} 


Distance Back to Back of Angles in Inches, 


3 & i 


52.3| 56. ; : 9 |. 61.1 3| 63.5] 65.9 
62.7| 67. ; Q| 73-3 “7 76.2)| 79.2 
73-1 : E i -9| 85.5 .2| 88.9] 92.4 
84.0] go. : A 4| 98.3 .2,|102.2 | 106.2 
94.6) 102. Z .6 |110.7 9 |115.1| 119.6 
105.0 : H -6 |123.0 -4.|127.8 | 132.9 
115.6|125. ; 7135-3 .0|140.7 | 146.2 
126.8]137. : 8 |148.7 .6|154.6| 160.6 
108.2/115. ‘ LQ 023 3% I |127.1 | 131.3 
126.1/134. : .2 1143.5 8 |148.2 | 153.0 
144.8/154. ; +3 |164.9 6 |170.3 | 175-9 
162.9/173.- 5 6 |185.5 5 |191.6 | 197-9 
180.9|193. ; .8 |206.1 .5 212.9 | 219.9 
60 |200.1|213. d 4 [228.1 8 1235.6 | 243.3 
218.1|233. : -7 |248.8 .8 256.9 | 265.4 
254.2|271. : -5 |290.2 .0 |299.8 | 309.6 
292.8]3 12. F -4.|333-8 -3.1344.9 | 356.2 
299.2 8 |329.8 9 1337-9 | 346.2 
342.0 367.9 -4.|377-0 .6 |386.2 | 395.7 
386.2! 415.5 6 1425.7 .0 1436.3 | 447.0 
428.8 461.5 2 |473.0 8 |484.7 | 496.7 
471.2 507.5 8 |520.2 6 1533-1 | 546.3 
514.0 553-8 -7 567.6 .7|581.8 | 596.2 
602.0 648.6 -7 |664.9 |673.1 |681.5 | 698.5 
688.0 741.8 -1 |760.5 -9 1779-5 | 799.0 


rf 


Jose 


|} colon 
IH | 


a bolt!|_colco wich] 
fe ot a 


one 
_ | 


2 


Ft clara [co-| 


j-+ colon], volt 
Lomele 


| 


A cos lcob 


45 89 


TABLE 37. 


Moments oF INERTIA OF Four ANGLES WITH Unequat Lecs, Axis Y-Y. 
SHort Lecs Out. 


Moments of Inertia For Distances 
of Four Angles, Y Measured 


= pa.) iY 
Axis Y-Y, : = from 
Short Legs Turned Out. Back to Back. 


Distance Back to Back in Inches. 
alles 4 4 . 
23x2x3;| 3.24] 2.0] 2.5| 2.6] 2.7] 3.0] 3-3] 3-7 3x2$xi| 5.24| 5-2) 6.2) 6.5 7.3| 79 
«"4'| 4.24| 2.7| 3-4] 3-5] 3-7] 4-1] 4-6] 5-0 “ 5| 6.48| 6.6] 7.8| 8.1 g.2 | 10.0 
“| 5.24| 3-4] 4-3] 4:5] 4-7] 5-2 5.8| 6.4) “ 2 | 7.68) 8.0) 9.5} 9-9 |10-3 TT-2i lee 
« 3 | 6.20| 4.1] 5.2] 5-4] 5-7] 6.3] 7-0] 7-7 « | 8.88| 9.5 |11.2 11.7 |12.2 |13.2 | 14.4 
« | 7.12| 4-8] 6.1] 6.4] 6.7| 7.5| 8.2) 9.1 “ 2 \10,00 |10.8 |12.9 |13.4 |14.0 |15.2 16.5 
3ix2dxt] 5.76| 5.2| 6.2) 6.5] 6.8) 7.4] 8.0 8.7 134x3x2| 6.24.) 9.0 |10.4 [10.7 |1I. |11.9 | 12.7 13.6 
« “| 7.12] 6.6| 7.9| 8.3} 8.6] 9.4 |10.2 |II.0 te" 8] 7.72 |11.4 [13-1 |13-5 |14-0 |15-0 16.0 | 17.2 
« 3 | 8.44| 8.0] 9.6|10.0 |10.4 |1T.3 |12.3 |13-4 « 3°! 9,20 |13.8 |15.8 |16.3 |16.9 |18.1 | 19.4 20.8 
«| 9.72 | 9.4 |11-2 |11.7 |12.2 |13.3 |14-5 |15-7 4110.60 |16.0 |18.4 |19.1 |19.8 |21.2 | 22.7 | 24.3 
« 2 |y7,00 |10.8 |12.9 |13-5 |14-I |15-4 |16.7 |18.2 « 2 |12.00|18.6 |21.4 |22.2 |23.0 24.6 | 26.4 | 28.2 
4x3xh | 6.76| 9.1 |10.5 |10.9 |I1.3 |12.1 |12.9 13.8 |5x3x3%5| 9-60 |11-3 |13.2 |13-7 |14-2 |15-3 16.5 | 17.7 
© 8! 8.36 |11.4 |13-1 |13-6 |14.1 |15.1 (16.2 |17.4 3 ly7.44 |13.6 |16.0 |16.6 |17.2 |18.5 |19-9 | 21-4 
3 | 9.92 |13.7 |15-8 [16.4 |17.0 |18.2 |19.5 |20.9 & 1-113.24 |16.1 |19.0 19.7 |20.4 |22.0 | 23.7 | 25-4 
Zs|11.48 |16.1 |18.5 |19.2 |19.9 |21.4 |22.9 24.6| “ 4 |15.00 |18.5 21.8 22.6 |23-5 |25.3 | 27-3 | 29.3 
4 |13.00 |18.6 |21.5 |22.3 |23.1 24.8 |26.7 |28.6| “ {16.72 |21.0 |24.7 26.7 |26.7 |28.7 | 30.9 | 3342 
35|14.48 |21-1 |24.4 [25.3 |26.2 |28.2 |30.2 |32.4 5 178.44 |23.8 |28.0 29.1 |30.2 32.6| 35-1 | 37-7 
& |15.92 |23.6 |27.2 |28.2 |29.3 |31-5 |33-7 36.2) “ 44)20.12 |26.4 }31.1 132.3 33-6 36.2 39.0 | 41. 
Distance Back to Back of Angles in Inches. 
Tn. In. ° t ts & ts 4 is & i ee I 1} 
§x3$X3%5|10.24 | 18.1| 20.4] 21.0] 21.7) 22.4) 23.0 23:7 | 24.5 ||. 26.0.| cnc] se | a | 
2 |12.20| 21.7] 24.6] 25.3 26.1] 26.9| 27.8| 28.6] 29.5] 31.3 | -----= | se | so | 
“ 7s|14.12 | 25.5| 28.8| 29.7] 30.6 31.6| .32-5| 33-6| 34.6) 36.8 |---| —-—= |---| 
ra! 16.00] 29.4| 33-3| 34-4) 35-5| 36-6] 37-7| 38.9] 40.1 th) ee eee 
J ye|17-88) 33-3 | 37-7 38.9| 40.1| 41-4| 42.7] 44.0] 45-4] 48.3 | == | | em | mo 
5 l19.68| 37-1| 42-1] 43-4) 44.8 46.2| 47-7| 49-2) 50.7] 53-9 | == | =--a2 | ee | 
“ IU)o7.48| 41.0| 46.6| 48.0] 49.6] 51.2 52.8) 54-4] 56.1 | 567 | -xm-— | aema- | a 
“ 3 |23,24| 45.4] 51-6] 53-3] 55.0 56.7| §8.5| 60.4] 62.2) 66.1 | ------- | = | = | 
6x4x? |14.44| 32-4] 36.0] 37.0] 38.0] 39.0] 40.0) 41.1] 42.2) 44.0 | an | -omene | mmo E 
: y6|10.72 37.8| 42.1) 43-2| 44.4] 45.6 46.9| 48.2| 49-5 | 52:2 | ea |e] = 
_ 4, |19.00| 43.7 48:7| 50.0) §X.4.| 52-8 54.3)|/55-8 | 57-3\|| OO-bi le.) 5) <p 1s 
« 9Jor.24| 49-3| 55-0| 56-5] 58.1] 59-7 61.4| 63.1] 64.8) 68.4 | —-— |---| == | 
= 5 °lo3.44| 54.9| 61-3 | 63.1 |.64.8| 66.6) 68.5) 70.4) 72.3 Pris) Peete (carmen freee oes jt Pn 
“ 11/95.60| 61.2] 68.4) 70.3 | 72.3 |- 74.3 76.4| 78.5| 80.7] 85.2 |---| | eee | 
“ 3°\94.76| 67.1} 75.0) 77-1) 79-3} 81-5| 83.8 86.2 | 88.5] 93-5 | --ss= | eee | sco | 
« 7 |gy.92| 78.9| 88.5] 91.0] 93.6 96.2| 98.9 |101.7 |104.5 | 110.3 |---| n-ne | are | oo 
1 136.00] 92.1 |103.4 |106.3 |109.3 |112.4 115.6 [118.8 |122.1 | 128.9 | ------- | ---e2 | eae 
8x6xq5|23.72 |126.9 | -------- | -------- 140.6 1143.0 [145.5 |148.1 |150.7 | 156.0 161:5 | 167.2 | 173.0 | 179.1 
$65 12750004 600) cseece| Sean 160.9 |163.7 |166.6 |169.5 |172.5 | 178-6 | 184.9 | 191.5 198.3 | 205.2 
5130.24 |164.2 | --.—--- __ww.- {182.3 |185.5 |188.8 |192.1 |195-5 | 202.5 | 209.7 | 217-2 224.8 | 232.7 
te Fi 3q-44 (162.6) 2-2 | 202.8 |206.4 |210.1 |213.8 |217.6 | 225.4 | 233-5 241.8 | 250.4 | 259-2 
£ 34136,60|201.0}} ane || eaeneee 223.5 |227.4|231.5 |235.6 |239.8 | 248.5 | 257-4 266.5 | 276.0 | 285.8 
CO 2113917 O\2T9,01| aectese || -oaean 244.3 |248.7 |253.2 [257-7 |262.3 | 271.8 281.6 | 291.7 | 302-1 | 312-7 
SF [45-92 [258-5 | aanene |e 287.8 |293.0 |298.3 |303.7 |309-1 | 320.4 | 331-9 | 343-9 356.1 | 368.8 
I |§2.00 |296.7 | -.....-- | -------- 330.7 |336.7 |342.8 |349.0 |355.4| 368.3 | 381-7 | 395.5 409.6 | 424.3 


Radii of Gyration about Axis Y-Y, same as given in Table of Radii of Gyration of Two Angles. 
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TABLE 38. 
Rapit oF GyRATION OF Two ANGLES WITH Eguat Lecs, Bota Axes. 


Radii of Gyration 2 i (is For Distances 
of Two Angles, : Measured from 
Equal Legs. ; Back to Back, 


Axis Y-Y. ) leo Bl a Axis Y-Y, 


Distance Back to Back in Inches, ¢ Distance Back to Back in Inches. 


Stl Ral Wee : : ° 

‘ial dt) Belial SS 
| .93| .95| -99|I.04]1.09]I. F +77 1.05 1.14|1.17|1 .19|1.24 |1.29)1. 
: .94| .96| .99|1.04)1.09]1. : -76 1.06 I.15|1.17|1.20|1.25 |1.30|1. 
-95| .98|1.00/1.05)1.10}1. 5 +75|1.07,1.16)1.18|1.21 1.26|1.31 

.99|I-O1|1.07|I.11|I. : +75 |1.08|1.17|1.20)1 .22|1.27|1.32/1. 
1.25 /1.34|1.36|1.38/1.43/1.48)1. .38 |1.09 1.45)1.54/1.57,1.59|1.63 1.67\1. 
1.26,1.36|1.38]1.40)1.45|1.50)1. -18 |1.08 1.47)1.56)1.58) 1 .60|1.65 |1.69|T. 
1.27'1.37|1.39|1-41/1.46|1.51|1. .96 |1.07|1.48,1.57|/1.59 1.61 |/1.66|1.70/1. 
1.28 1.38 1.40/1.42|1.47|1.52/1. -74, |1.07|1.49|1.58)1.60)1 .62|1.67|1.72/1. 
1.29,1.39|1.41/1.43|1.48|1.53/1. 50 |1.06'1.50,1.59)1.61)1 .63 |1.67|1.73]1. 
1.30,1.40/1.42|1.45/1.50/1.54/I. .24 |1.05 1.51/1.60)1.62/1 .64|1.69|1.75]1. 
1.3210.41'1.43|1-46/1.51|1.55|1. $ | 7.96 |1.04.1.52 I.61/1.63'1 .66|1.70]1.7611. 


Axis Y-Y. 


00 ]69)4]_. Ha P+ Cn|6 Helio 
oe ol” 


oltre), bolt} 
leer 


Size of 
Angles 


Distance Back to Back of Angles in Inches. 


i Ys 3 ts $ 


1.79 | 1.82 | 1.84 | 1.86 | 1.88 
1.80 | 1.83 | 1.85 | 1.87 | 1.89 
1.81 | 1.84 | 1.86 | 1.88 | 1.90 
1.82 | 1.85 | 1.87 | 1.89 | 1.92 
1.83 | 1.86 | 1.88 | 1.90 | 1.93 
1.85 | 1.87 | 1.90 | 1.92 | 1.94 
1.86 | 1.88 | 1.91 | 1.93 | 1.95 
2.22) | 2.24, 2.26 2.28) || 2.31 
2.22))|| 2.25" | 2.27 || 2.29 1.2.32 
2,23 | 2.26 | 2.28 | 2.30 | 2.33 
2.25 | 2.27 | 2.29 | 2.32 | 2.34 
2226 2.28), 2.402.332 I 2-35 
2227 \) 2-29) 2-898) 2.8 402.80 
2.28 | 2.30 | 2.33 | 2.35 
2.62 | 2.64 | 2.66 | 2.69 
2.63 | 2.65 | 2.67 | 2.69 
2.64 | 2.66 | 2.68 | 2.71 
2.65 || 2.67 || 2.70 | 2.72 
2.66 | 2.68 | 2.71 | 2.73 
2.67 | 2.69 | 2.71 | 2.74 
2.68 | 2.71 | 2.73 | 2.76 
: : 2.70 | 2.73 | 2.75 | 2.77 
1.80 | 2. BE | OO Ory i Oa) CETAS) 
2.51 | 3. . 3-47 | 3-49 | 3-52 
2.50 | 3. : 3.48 | 3.50 | 3.53 
2.49 | 3- : 3-49 | 3-51 | 3.53 
2.48 | 3. - 3.50 | 3.52 | 3-54 
2.47 | 3.36 : 3.51 | 3-53 | 3-56 
2.45 | 3- : 3-53 | 3-55 | 3-57 
00 | 2.44 | 3. : 3.55 | 3-57 | 3.60 | 3. é : ; : : 
14133.46 | 2.42 ; 3.67 W4u0O)ngzo2 I.3s : Be Ams 7 OMe 3.88 

Moments of Inertia about Axis Y-Y equal one-half of values given in Table of Moments of 
| Inertia of Four Angles, Table 35. 
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Radii of Gyration 


TABLE 39. 
Rapit oF GYRATION OF Two ANGLES wiTH UNEQUAL LEGs, BotH AXEs. 
Lone Lees Our: 


x. 


b 


Wisin 
| 


For Distances 


92 


of Two Angles, rw | | Measured from 
Long Legs Turned Out. I Back to Back, 
ly 
S$ |eod| x Axis Y-Y. 3¢ aod] Axis Y-Y. 
SOE aut er yp a ee | ete 
na tai a Distance Back to Back in Inches. Aa Shae a Distance Back to Back in Inches. 
fee | Tee | Ao Ta [iam [et | 9] oe tee fe) os | 
22X76) 1.62 | .60 |1.10/1.19|1.22/1.24 1.29|1.34)1.38/3x23x4| 2-62] .75 |1-31/1.40)1.42|1.45 1.50)1.55)1.59 
2 | 2.12| .59 |1.11|/1.20|1.23|1.25|1.30|1.36,1.40| “ | 3.24] «74 |1.32|1.41|1.43]1.46/1.51|1-56/1.60 
| 2.62 | 58 |x.12/r.21/1.24/1.26'1.31/1.37,1.42) “ 2 | 3.84] «74 |1-33]1-43|1-45|1-48)1.53]1-58)1-62 
4 | 3.10| 58 |1.43|1.22/1.26/1.28/1.32]1.38|1.44| “ 35] 4.44] .73 |1.34/1.44/1.46|1.49|1.54)1-59|1-64. 
 J5| 3.56| 57 |1.14]1.24]1.26|1.29|1.33|1.39|1-46| “ 2 | 5.00] .72 |1.35|1-45/1.47|1 .50|1.55|1.60|1.65 
32X23x4| 2.88 | .74 |1.58]1.67|1.69 1.71/1.76|1.81|1.86|33x3x2| 3-12] OI |I.52)1.61|1.63|1 .65|1.70]1.75|1-79 
 “35| 3.56 | .73 |1.60/4.68|1.70;1.73)1-77|1-82)1.88] “ | 3-86 .90 |1.52/1.61/1.64|1 .66/1.71|1-70) 1.8} 
3 | 4.22 | .72 |1.61/1.69|1.72|1.74|1.79|1.84|1.89| “ % | 4.60] .90 |1.53|1.62/1.65|1 .67|1.72)1.77|1.82 
ze| 4-86 | .71 |r.61|1.7011.73|1.75|1.80|1.85|1.90| “ 3%5| 5-30] -89 |1.54/1.63 1.6611 .68|1.73|1.78| 1.83 
4-15.50] .70 |1.62|1.71|1.74|1.76|1.81|1.86|1.91| “ £ | 6.00] .88 |1.55|1.65|1.68|1.70|1.75|1-80) 1.85 
4x3x% | 3.38 | .89 |1.77|1.87|1.89| 1.92] 1.96|2.01|2.06]5x3x3%| 4.80] .85 |2.33|2-42/2.45 2 .47|2.52/2.57|2.62 
 q6| 4-18 | 89 |1.79]1.88]1.90|1.93/1.97|2.02|2.07, “ § | 5-72| 84 |2.34/2.43|2.46,2.48|2.53|2.58 2.63 
“<2 | 4.96 | .88 |1.80/1.89|1.91/1.94|1.98'2.03|2.08] “ 75] 6.62] .84 |2.35|2.45/2.472.49|2.54/2.59|2.64 
FE 5.74 | 87 |1.81|1.90|1.92|1.95|1.99|2.04|2.09] “ 4 | 7.50] .83 |2.36/2.46)2.48)2.50|2.55|2.60\2.65 
“4 | 6.50 | 86 |1.82|1.92|1.94|1.96|2.01|2.06|2.11| “ | 8.36] 82 |2.37|2.47|2.49 2.52)2.57|2.61|2.66 
5] 7-24 | .86 |1.83|1.93/1.95 1.97|2.02|2.07|2.12) “ § | 9.22) 82 |2.39/2.48 2.51/2.53|2.58|2.63)2.68 
“ 2 | 7.96 | 85 |1.84|1.94!1.96 1.98|2.03/2.08|2.14| “ 44/10.06] 81 12.40|2.49 2.52'2.5412.5912.6412.69 
a ge £ 4 AxisY-Y, 
ae jag "4 Distance Back to Back of Angles in Inches. 
in | Int| ¢ | oe | ete fa ls Pe fee 
5X32%i6| 5-12 | 1.03 | 2.26 | 2.35 | 2.37 | 2.39 | 2.42 | 2.44 | 2.47 | 2.49 
“3 | 6.10] 1.02 | 2.27 | 2.36 | 2.38 | 2.40 | 2.43 | 2.45 | 2.48 | 2.50 
Z| 7.06| 1.01 | 2.28 | 2.37 | 2.39 | 2.41 | 2.44 | 2.46 | 2.49 | 2.52 
4 | 8.00] 1.01 | 2.29 | 2.38 | 2.41 | 2.43 | 2.45 | 2.48 | 2.50 | 2.53 
¥5| 8.94| 1.00 | 2.30 | 2.39 | 2.42 | 2.44 | 2.46 | 2.49 | 2.51 | 2.54 
3 | 9.84] .99| 2.31 | 2.40 | 2.43 | 2.45 | 2.48 | 2.50 | 2.52 | 2.55 
THl10.74| .98 | 2.32 | 2.41 | 2.44 | 2.46 | 2.49 | 2.61 | 2.53 | 2.56 
3 |1x.62| .98 | 2.33 | 2.43, | 2.46 | 2.48 | 2.51 | 2.53, || 2.55 | 2.58 
6x4x$ | 7.22] 1.17 | 2.74 | 2.83 | 2.85 | 2.87 | 2.90 | 2.92 | 2.94 | 2.97 
“ ys| 8.36] 1.16] 2.75 | 2.84 | 2.86 | 2.88 | 2.91 | 2.93 | 2.95 | 2.98 
“ 3 | 9.50] 1.15 | 2.76 | 2.85 | 2.88 | 2.90 | 2.92 | 2.95 | 2.97 | 2.99 
< 76|10.62 | 1.14 | 2.77 | 2.86 | 2.88 | 2.91 | 2:93 | 2.96 | 2.98 | 3.00 
x ie 11.72 | 1.13 | 2.78 | 2.87 | 2.89 | 2.92 | 2.94 | 2.97 | 2.99 | 3.01 
aay 12.80 | 1.13 | 2.79 | 2.89 | 2.91 | 2.94 | 2.96 | 2.98 | 3.01 | 3.03 
% |13-88 | 1.12 | 2.80 | 2.90 | 2.92 | 2.95 | 2.97 | 2.99 | 3.02 | 3.04 
“ § |15.96| 1.11 | 2.82 | 2.92 | 2.94 | 2.97 | 2.99 | 3.01 | 3.04 | 3.06 
I |18.00] 1.09 | 2.85 | 2.95 | 2.97 | 2.99 | 3.02 | 3.04 | 3.07 | 3.09 
8x6xq'5| 11.86 | 1.80 | 3.55 |---| ---- 3.68 | 3.71 | 3.73 | 3-75 | 3-77 
te 4, [13-50] 1-79 | 3.56 |---| 3-69 | 3.71 | 3-74 | 3.76 | 3.78 
“ ¥e\t5.12 | 1.78 | 3.57 |... | 3-71 | 3-73 | 3-75 | 3-77 | 3-80 
eB {EO72 | 1477 | 3-58 | = | 3-71 | 3-74 | 3-76 | 3-78 | 3.81 
ce ¥8|28:30] 1-77 | 3-59 |---| ---——- 3-72 | 3.75 | 3-77 | 3-79 | 3.82 
et LOB Si1T57.6 |) 400) wate ees 3.73 | 3-76 | 3.78 | 3.80 | 3.82 
7 (2220074 les 362, ace ee 3-76 | 3.78 | 3.8 | 3.83 | 3.85 
al| 20,00 ||650.7311) 32040) pee eee 3-78 | 3.80 | 3.82 | 3.85 | 3.87 


Moments of Inertia about Axis Y-Y equal one-half of values given in Table of Moments of 
Inertia of Four Angles, Table 36. 


TABLE 40. 


Rap OF GyRATION or Two ANGLES with UNEQUAL LeEcs, Born Axes. 
SHort Lecs Ovt. 


Radii of Gyration 4 For Distances 
of Two Angles, Measured from 
Short Legs Turned Out. Back to Back. 


Axis Y-Y, Axis Y-Y. 


Distance Back to Back in Inches, 


Size of 
Angles. 


Distance Back to Back in Inches, 


ay Fee eee ee eee Se 


"96 1.02 1.13|1.18 1.23 1.28 
I.14|I.19 1.24|1.29 
I .16|1.21 1.26)1.31 
1.17|1.22 1.27|1.33 
I.04)1.14/1.16/1 18|1.23)1.28/1.34 
1.20/1.29|1.31/1.33|1-38|1-43|1-48 
1.22|1.30)1.32|1.35|1-39 1.44/1.49 

I 

I 

I 

I 

I 

I 

I 


al 
BIH 


-79| .88| .90) .92| .96)1.02|1.07 
-80| .89] .91| .93| -98/1.04|1.09 
81] .QI} .93] .95|1.00|1.05|I.10 
81] .92| .94| .96|1.01/1.06|1.11 
82] .93] .95| .97|1.02|1.07|1.13 
.95|1.04|1.06]1.09]1.13)1.18]1.23 
-96|1.05|1.08]1.10]1.15'1.20|1.24 
.97|1.07|1.09|1.11|1.16'1.21|1.26 
-98|1.07|1.10]1.12/1.17|1.22|1.27 


|I.00] 1.09] 1.11 
I.O1|I.10)1.12 
1.02|I.11/1.14 
1.03|I.12|1.15 


Pd bole omkor > 
IH ool” 


1.23]1.31/1.33|1-36)1.40,1.45/1.50 
1.23|1.32|1.34|1.37|1.41/1.46|1.51 

-99| 1.08] 1.11/1.13|1.18/1.23]1.29 1.24|1.33|1.36|/1.39|1-43|1-48)1-53 
1.16)1.24]1.27]1.29|1.34|1.38]1.43 1.09|1.17/1.20|1 22/1.26|1.31|1.36 
I.17|1.25|1.28|/1.30|1.35/1.39|1-44) “ -72|1.61|1.09|1.18/ 1.211 .23|1-27|1.32|1.37 
I.17|1.26|1.28]1.31/1.36|1.40|1.45 -62| 1.60] 1.10] 1.20] 1.22] 1 .24|1.29]1.34/1.39 
I.18|1.27|1.29]1.32/1.36|1.41/1.46 5O|I.59]1.11|1.21|1.23|1.25|1.30]1.35|1.40 
6 |1.20| 1.28] 1.31|1.33/1.38/1.43|1.48 é .58/1.12|1.22|1.24|1.26)1.31/1.36|1-41 
I.21/1.30/1.32!1.35!1.40/1.45/1.50 ; -57|1-14/1.23/1.2611.28,1.33!1.3811.43 
1.33|1.36|1.41|1.46|1.51 .06|1.56|/1.15|1.24|1.2711.29|1.34/1.39|1-44 


Rol, oleae 
fe SER El, 


4x3X 


3 
16|. 
a 
4 
2. 
16 
3 
8 
pic 
16 
xi 
5 
16 
3 
Bb 
na Mh 
16 
me 
2 
1 
4 
5_ 
16 
3 
8 
£7. 
16 
a 
2 
=e 
16 
5 
“8 
A 


Distance Back to Back of Angles in Inches, 
Cait Ses 

1.46 | 1.48 | 1.50 | 1.52 | 1.55 
PAG. AO | SE | 05S || 5-56 
P47) £50 es [t-54 ns 7, 
1.49 | I.5I | 1.54 | 1.56 | 1.58 
1.52 | 1.55 | 1.57 | 1.59 
1.53 | 1.56] 1.58 | 1.60 
E54 (1.67) 1.59) |\.1.62 
1.56 | 1.59 | 1.61 | 1.63 
1.64 | 1.66 | 1.69 | 1.71 
1.66 | 1.68.| 1.70 | 1.72 
1.67 | 1.69 | 1.71 | 1.74 
T:68 |§2570) 0.72 || 75 
1.69 | 1.71 | 1.73 | 1.76 
Te70 | 0-73 [0-75 |1277 
; 4 : 4 DZ Avi | ws 70) |aD-79) 
158. | Fe B 1.74 | 1.76 | 1.79 | 1.81 
1.60 | I. E ; 1.77 | 1.79 | 1.82 | 1.84 
ZT 43 | 2.45 | 2.47 | 2.49 | 2.52 
2.32 , 2.46 | 2.48 | 2.51 | 2.53 
2-33 b 2.48_| 2.50 | 2.52 | 2.54 
2.34 ; ZAG) |) 2.50) | 2.632256 
2.34 5 2.49 | 2.52 | 2.54 | 2.56 
2.35 : BGO! 2h 21 Bess ens Face 
. . ‘gt | 2.83 | 2.85 | 2.57 | 2.59 | 2.64 | 2.69 | 2.74 | 2-79 
2.49 | 2. : 264. | 20671 2.50)\]-2.62, | 23 (66 | 2. 71 | 2. 76 | 2. 2.81 
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Moments of Inertia about Axis Y-Y equal one-half of values given in Table of Moments of 
Inertia of Four Angles, Table 37. 


TABLE 41 
SaFE LOADS oF SINGLE ANGLE STRUTS 
EquaL Lec ANGLES 
AMERICAN BRIDGE CoMPANY STANDARDS 


Safe loads in thousands of pounds for least yt. aide eee line values of 1/r do not 
dius of gyrati ; 
ae ai Be Gjo08 — 70 l/r : To right of heavy line values of l/r do not 
: exceed 150 


Size Thickness Length in Feet 


Inches Inches 


fe 


x1 


+ 
cr) 


1gX14 


win Ske 


aerols 


faemofe 


HI 
Cc) 


[eee lou 


+ 
2 


opmeala 


wih roniest lon 


| ors waolea 


rs) 
) 


cxf orsimt | rockea 


Note: The values in this table have been calculated on the assumption that the angle is fas- 
tened by both legs.—M. S. K. 
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TABLE 42 
SaFE LoaDs OF SINGLE ANGLE STRUTS 
UnrquaL LEG ANGLES 
AMERICAN BRIDGE COMPANY STANDARDS 


Safe loads in thousands of pounds for least | 3— eo betes vi line values of Ir do not 
gh ears : To right of heavy line values of 1/r do not 


Be O00 Pee Us exceed 150 


Size Thickness Length in Feet 


Inches 
2 Xz 


23 X2 


Inches 


of 


limo 


Slee 


sew ihe Sage ll giep | A oaee 0A, BRE alloca col acct Sones | aocacn Isr co 
hy oll -rige |l sateen Sh Soe ee dnd boa mee i omtalb aod] polos peace tes > 
SF Br sew GI) eit Boe Aal aeoonll oapenl power mete. ocd 
t 
16 20 17 15 
3 24 21 17 
32X3 ts 23 21 18 
3 27 24 21 
16 32 28 24. 
3 36 32 28 
4X3 ts 25 23 20 
8 30 27 23 
ve 35 31 27 
2 a9) i 2G 31 
5 X32 ts B20 30m) 27 
8 39 35 32 
te | 45 | 41 | 37 
2 50 | 46 |) 42 
6 X4 3 mega ET WV Gz isle same 30" Ne 27000230 | 220) een aicean: 
sy (NES | ee Coes) SER ARE TGC Cd i cas cae a2 
em 2b nec S aut eees sae edOnmeAduen|= Oma e389 8 SO) [ere cilia 
A re Ga | Ree |) a Ah) rey NEA Ne fol (ONY NaN coal aoxgs 30.2013 
5 
8 


Note: The values in this table have been calculated on the assumption that the angle is fas- 
tened by both legs.—M. S. K. 
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TABLE 43 
SaFE Loaps oF Two ANGLE Struts, AxIs 1-1 
EguaL Lec, AND UNEQuaL Lec wita Lone Lec Turnep Out 
AMERICAN BRIDGE CoMPANY STANDARDS 


Safe loads in thousands of pounds with fod — ee line values of 1/r do not 


respect to axis 1-1 1 < F 
D= 16,000 — 70 Ir gore es, line values of 1/r do not 


Length in Feet 


Thickness 
Radius of 
Gyration 
isl | Weight of Two 
= | Angles per Foot 
Area of Two 
Angles 


= 
be 


NY 
ES 


3. 
16 
a 
4 
=3_ 
16 

1 
4 
as 
16 
1 
4 
=e 
16 
a 
4 
22 
16 
3 
& 
1 
4 
== 
16 
3 
8 
i 
4 
2G. 
16 
EY 
8 
16 
i 
2 
1 
4 
oe 
16 
3 
8 
ax Es 
16 
i 
2 
5 
16 
3 
8 
z 
ié 
By 
2 
5 
16 
3 
we 
== 


+I 
‘2 


cojondg| roo 


27.2)7.96| 107 |104 


TABLE 43.—Continued 
SAFE Loaps oF Two ANGLE Struts, AXIS 1-1 
Equa Lec, AND UNEQuAL Lec wits Lonc Lec Turnep Out 
AMERICAN BripGE ComMpANy STANDARDS 


Safe loads in | thousands of pounds with = 5 Sey are line values of 1/r do not 
peaks Say : pane To right of heavy line values of 1/r do not 
Pp = 16,000 — 70 l/r 3g’ pace nae 


Length in Feet 


Gyration 
Weight of Two 


Size of Angles 
Radius of 


’ Thickness 
Angles per Foot 
Area of 
Two Angles 


oad 
p 
“to 


4.80 


5-72 
6.62 


7-50 


4.80 


5-72 
6.62 


7-50 


Beri 
6.10 

7.06 

8.00 

.4| 8.94 
33-6 9.84 
36.6] 10.74) 
39.6|11.62 


24.6] 7.22 
28.6] 8.36 
32-4] 9.50 


23.4) 6.84 
27.0) 7-94 
30.6] 9.00 
37-8|11.10 


8S 


2.87|24.6] 7.22 
2.88/28.6] 8.36 
2.90!32.4] 9.50 
2.91|36.2] 10.62 
2.92|40.0/11.72 
2.93|43.6]12.82 176 
2.94147.2/13.88 I9I 


2.62|29.8] 8.72 117 
2.63|34.4/10.12 136 
2.64|39.2/11.50 155 
2.65|43.8]/12.86 173 
2,66|48.4/14.22 6] 192 
2.67|53.0/15.56 210 
2.68)/57.4|16.88 233|228 
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TABLE 44 
Sarge Loaps oF Two ANGLE Struts, AXIS 2-2 
Eqouat Lec, AND UNEQuAL LEG WITH Lone Lec TuRNED OvuT 
AMERICAN BRIDGE COMPANY STANDARDS 


Safe loads in thousands of pounds with pete eet) line values of 1/r do not 


respect to axis 2-2 To righ = 
= = e ght of heavy line values of 1/r do not 
p= 16,000 — 70 l/r eal ae 


Radius of 


Gyration Length in Feet 


Weight of 
Two Angles 
per Foot 
Area of 
Two Angles 
Thickness 


IS 
a 
rs 
5 
9 


a at | shee Perens uot jae [ote 
yf x2" Angles 


38| .62] .98| 5.0] 1.44 TS TS ae 9 coche beefed fen 
.50| .61| .99| 6.4] 1.88 ZOU Mie enone ee Pee Pee ere Baioc... 
2} X2” Angles 


350) |/e59) 1225)e7e4:| 2002) ee 22 || 19° | 16 | 13 
.62| .§8|1.26| 9.0| 2.62] a5 1 31 | 27 | 23 1 19 | 15 
24” X23” Angles 


80] °.77|1.19| 8.2]2.38] % | 30 | 28 | 25 | 22 | 20 r7 | 
.96| .76| 1.20] 10.0] 2.941 as | 37 | 34 | 31 | 28 | 24 |x | 
3” X2” Angles 


40 |'-.60|\1.24) 5:61:62 ge | 19) 27 | 25 ar 


ira) 1.62)1 1862)|\2-38)|| ee 2Oaleedames 
.57 | 1-53 | 10.0| 2.94] ae | 34 | 30 | 25 
.66|1.55|11.813.46| $ | 40 | 35 | 29 

3” X2$” Angles 


.75|1.45| 9.0]2.62| 4 | 33 | 30 | 27 | 24 | 21 

.74,| 1.46 | 11.2 | 3-24] ae | 41 | 37 | 33 | 3° 

.74| 1.48 | 13.213.84] & | 48 | 44 | 40 | 35 1 32 
3”’ X3” Angles 


28 


34 
40 
46 
52 


1.39 .8 | 2.88 
1.40 
1.41 
1.42 
1.44 


wo Geos Glouae 


3h” X25” Angles 


20) 26. 41823 
26 32 1 28 
43 | 38 | 33 
49 | 43 | 38 
55 | 48 | 42 
a” xar, Angles 


1.71 
1.73 
1.74 
1.76 
1.77 


reg oxice foun 


1.66 | 13.2 | 3. 44 | 40 | 37 
1.67 | 15.8 | 4. 52 | 48 | 44 
1.69 | 18.2 | 5. 60 | 55 | 50 
1.70 | 20.4 | 6. 67 | 62 | 56 


TABLE 44.—Continued 


SAFE Loaps oF Two ANGLE Struts, Axis 2-2 
EquaL LEG, AND UNEQUAL LEG wiTtH LonG LEG TuRNED OuT 
AMERICAN BRIDGE COMPANY STANDARDS 


Safe loads in thousands of pounds with re- ar Seer poe line values of I/r do not 


spect to axis 2-2 To ti Trap 
ay ds ght of heavy line values of I/r do not 
p = 16,000 70 I/r ceed) t50 


Radius of 


Gyration Length in Feet 


Weight of Two 
Angles per Ft. 
Area of 
Two Angles 


5 | Thickness 


Sid 

=] 

5 
to 


6 7 


33” X33” An 


Y 
le 


Ono pa 
Wa TNO et 
of AO 
rap] sooke 


14.4| 4.18 
17.0] 4.96 
19.6) 5.74 
22.2| 6.50 
24.8 | 7.24 
27.2| 7.96 


bee 


| 
c) 


+ 
a 


cole! 


4" X4" Angles 


16.4] 4.80 
19.6] 5.72 
22.6| 6.62 
25.6| 7.50 


57| 54] St 
68] 64} 60 


79| 74| 70 
89 | 841 79 
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HI m 
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16.4 4.80) 
19.6| 5.72 
22.6| 6.62 
25.6| 7.50 


48] 44] 39) 
57| 51| 46 
66] 60] 53 
74.1 671 59 
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57| 53 
68 | 62 
78| 72 
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117/107] 9 

126 |116 |106| 96 
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ya 
bole 
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17.4] 5.12 
20.8 | 6.10 
24.0| 7.06 
27.2| 8.00 
30.4] 8.94 
33-6| 9.84. 
36 6 |10.74 
39.6 |11.62 
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‘a 
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TABLE 44.—Continued 


Sarg Loaps oF Two ANGLE Struts, AxIs 2-2 
Equa Lec, AND Ungguat Lec with Lone Lec TurNED OvuT 
AMERICAN BRIDGE COMPANY STANDARDS 


To left of heavy line values of 1/r do not 


Safe loads in thousands of pounds with ae raat exceed 125 
respect to axis 2-2 . j ; 
p = 16,000 — 70 l/r 


To right of heavy line values of 1/r do not 
exceed 150 


Section 
Modulus 


n 
i} 


m4 
5 
ce 


Radius 
of 
Gyration 


Weight of Two 
Angles per Foot 


Ge 
s 


Area of 
Two Angles 


Thickness 


Se 


Length in Feet 


3{alsleo]z7]s]o[xo[xx| 12] 33 | 24 | 26 | 28 | 10 


6 X33" Angles 


2.46] .99 |2.95|23.4| 6.84 
2.82] .98 |2.96]27.0] 7.94 


3.18 
3.88 
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2.98 
3.00 
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37.8 
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8 
ae 
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921) 86] Sal "75]169|) 63157 Gr | 4G) AON. xcilletsl gl fioxc elf eres fern fanaa ea pea 
107|100| 93} 86] 79} 73] 66) 59] 52) 45}. ..]..-)s--)- a] = clown] =i 
121|113]105| 97] 89} 82] 74] 66] 58} 51 
148]139|129|119'110'T00! 90 | 80 


3.20 
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4.16 
4.62 
5.08 
5-52 
5-94) 


eT, 
.16 
15 
.14 
PTs 
Hite) 
.12 
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2.90 
2.91 
2.92 
2.93 
2.94 


24.6 
28.6 
32.4 
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43.6 
47.2 


Iriosient loti El aooles 
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mle) 


6” X4” Angles 


100] 95] 90} 84] 79} 74| 69} 64 
116|110}104] 97| 91| 85] 79] 73 
131/124|1I7|110|103| 96! go} 83 
147|139]131/123|115|107/100] 92 
161/153|144|135|127|118|109|100 
177|167|157|148|138|129|119|110 
191|180|170]160]149]139|128|118 


2.62 
2.63 
2.64 
2.65 
2.66 
2.67 
2.68 


29.8 
34-4 
39.2 
43.8 
48.4 


53.0) 
57-4 


fees axles 


leat) cofen 


6” X6” Angles 
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TABLE 45 
SarE Loaps or Two ANGLE STRUTS 
Equa Lec, AND UNEQUAL LEG wiTH SHORT LEG TURNED OuT 
AMERICAN BRIDGE COMPANY STANDARDS 


|, . 
Safe loads in thousands of pounds for least See eee ot Beavy tine values of eid aay 


2--—: a 
di f ti i exceed 125 ; 
radius 0 piper Lgotk 4 To Bc pesnt) line values of 1/r do not 
1 
a3 uw n - 
23 | Radiusof |Su3] a g 
Be | Cyrtion jada gd a Length in Feet 
a Boul bo ca 
BES SE) es 
Se qT! T2 & 
In#-| In. | In. | Lb. | In? | In. eo epileeeatlereice [| tro | x] ve | see| i 
13/’ X1}” Angles 
EZ 70 46| 3:6) 1.06) as. || at 9 7 | seer s Mites es | ayia | ae 
B7le7OW 451 4.81738) 2 | 14 | 12 Gin ictaslceeeclies dal ssnees Be locate beateline 
2’ X12” Angles 
36] .67 63 ADO) |\Para ets Vets | cn | To 8 | Sneed Gnpedl Bacar | ofa] 
PON MPOSNMCOF NS Anp MSO ce wet) We La LS; heL2el|| LOM lontei. viele age sillier lier is Siecle 
13 X17” Angles 
28] .88 4] 4.4) 1.24) zs | 14 | 12 | Io i ee, Se | Mate eal lars okie off: 
AS EESOMMESG HL SeOll TeO2t a PAS ONTOS S TSy PEGE ce clits tl. «oes Pe Peseety ceria: 
2!’ X2” Angles 
SS GNeuSi|) 2025.01) T.44 | ed 27 | TS). 43) +|) 12 9 | Boe eptisistel| eines 
PROM COON TOL O-d | eS cee e2euie2O (007 arse |. Taleo. 
i 24” X2” Angles 
PERM ODM TOM, 15-On 1202) ree oT wjeTO |) 07) | 9r6)| t4) |iPr2.]| 10 
PGW OAN 78) 74 [2x12 |) gel) 2771825. || 23 | Zon 8 TG") 13 
EOP OSU 7S 1 GON 2O2Ni re. (Sse sr | 28 a 25) | 22: | 19 hr 7, 
24” X23” Angles 
ESO} LAGI} 47 || 8:22.38] 4° 1.30) 128 | 25 | 22 | 2o'k 17 | 15 Fat Srsishe| [Matted 
.96|1.20] .76]10.0}2.94] os | 37 ! 34 | 32 | 28 | 24 | 21 | 18 Peal ees ies 
T.14| 0.21! .75 }11.813.46!' 2 | 44 1 40 | 36 | 32 | 28 | 24 | 21 sail 
3” X2” Angles 
1.08 89 | bn Geo 23a eae halle 2G me ora oe) 221-20. T8 0) LO. | 15 o|2 ec aioe 
G32), GO)e..O5 10.011 2.941) as, |) 39 || 36 | 33: | 31 1.28 | 25 || 22°) 20 |) 17 |... ie es 
Pec Ol eOM Od 1-63-40 s 401043. le 39 136 33.1 30 | 277) 23. | 205). le eats 
3 X24” Angles 
E12|:%.13)| .95)| 9.01)2.62 | 4 | 35 | 33 | go | -28 | 26 || 23 | 29 | 19 | 16 |... .J5-.- 
Megs stele -Od || 01-24113-24 | pal 430 40 1.37) | 34s [32 |) 29) | 26° 23° || 20) |. ele 
HLOZA ALO OS 13-2 4:04 bose SE 480 44 AD 1 371 34 I. 300) 27-1 23 aleercctoes 
3” X3” Angles : 
1-16},1.39] .93| 9.8|2.88| + | 38 | 36 | 33 | 30 | 28 | 25 | 23 | 20 | 17 
142) |)E.40!| “92 | 12.2 3.56) as | 47 | 44 | 42 | 37% | 34 | 31 | 28] 24°] 22 
1.66| 1.41] .o1|14.4|4.22| 2 | 56 | 52 | 48 | 44 | 40 | 36 | 32 | 29 | 25 
1.90| 1.42] .91|16.6|4.86| z= | 64 | 60 | 55 | 5r | 46 | 42 | 37 | 33 | 28 
2.14 \\T.44\|| .90,| 18.81 5.50] 4 | 73 | 67) 62 1-57 | 52 | 47 | 42 | 37 | 32 


Safe loads in thousands of pounds 
radius of gyration 
Dp = 16,000 — 701/r 
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f 


9 . 
Gyration 


T1 Te 


Weight of Two 
Angles per Foot 


Area of 
Two Angles 


Thickness 
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TABLE 45.—Continued 


SaFre Loaps oF Two ANGLE STRUTS 
SHort LeG TURNED OUT 


AMERICAN BRIDGE COMPANY STANDARDS 


4 

for least Deas ae 
sg 
1 


To left of heavy line values of I/r do not 
exceed 125 
To right of heavy line values of 1/r do not 
exceed 150 


Length in Feet 
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TABLE 46 


PROPERTIES AND ELEMENTS OF Z BARS 
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TABLE 47. 


ELEMENTS OF CARNEGIE EQuAL TEES. 
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Min. Thickness. oe 
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TABLE 48. 


ELEMENTS OF CARNEGIE UNEQUAL TEES. 
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TABLE 49. 
ELEMEnNTs oF A. S. C. E. AND Licut Rats, 
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TABLE 50. 


ELEMENTS OF CARNEGIE BULB BEAMS. 


Flange. 
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TABLE 51. 
OF CARNEGIE BULB ANGLES. 
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TABLE 52. 


ELEMENTS OF CARNEGIE H BEAMS, 
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TABLE 53. 


CARNEGIE TROUGH PLATES. 


ELEMENTS OF TROUGH PLATES. 


Single Section. 


Riveted Section. 


Fiber Stress, 16,000 Lbs. per Sq. In. 


Fi : Section 
Section Size, suk iae a, 5 oe Meee Modulus, One 
Index. Inches. : Inches, Inches. , Foot Width, 
Pounds. Pounds. Taekest 


M 14 92 X 3% 23.2 8 2 34.8 15.58 
M 13 93 X 32 21.4 8 Fs 32.1 14.28 
M 12 93 X 32 19.7 8 4 29.6 13.00 
Mit 93 X 3% 18.0 8 i 27.0 11.79 

92 X 34 16.3 8 6 24.5 10.69 


ALLOWABLE Unirorm Loap IN POUNDS PER SQUARE Foor. 


Fiber Stress, 12,000 Lbs. 


per Sq. In. 


M 13 


M 12 


Mitr 


M 10 


M i4 


M 13 


M 12 


Mir 


5 6093 | 5547 | 5030 | 4561 | 4986 | 4570 | 4160 | 3773 | 3421 
6 4616 4231 3852 3493 3167 3462 3173 2889 2620 2376 
7 3392 3109 2830 2567 2327 2543 2331 2124 1925 1745 
8 2597 2380 2167 1965 1782 1948 1785 1625 1474 1336 
“9 2052 1880 1712 1553 1408 1539 1410 1284 1164 1058 
° 1523 1387 1258 1140 1246 1142 1040 943 855 


II 1373 1259 1146 1039 942 1030 944 860 780 
12 1154 | 1058 963 873 792 866 793 722 655 594 
13 983 gol 821 744 675 738 676 615 558 506 
14. 848 777 707 642 582 636 533 531 481 436 
15 739 677 616 559 507 554 509 462 419 381 
16 649 595 542 491 445 487 446 406 368 334 
17 575 527 480 435 395 431 395 360 328 296 
18 513 470 428 388 352 385 353 321 291 264 
19 460 422 384 349 316 345 316 288 261 237 
381 347 314 285 312 286 260 236 214 


The values given in above tables are the safe loads per square foot of floor surface and are 
based upon the average resistance of the riveted portion within distance a. 


The weight of the plates are included in the safe loads and must be deducted to obtain the 
net superimposed safe load. 

Safe loads for other fiber stresses than those given in table may be obtained from the values 
given by direct proportion of the fiber stresses. 
The weight per square foot does not include the weight of rivet heads or other details. 
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TABLE 54. 


CARNEGIE CORRUGATED PLATES. 


ELEMENTS OF CORRUGATED PLATES. 


Single Section. Riveted Section. 


Weigh Weigh arodahi 
; : eight per eight per ulus, 
Sao a Foot, i tas Square Foot, One Foot 
Pounds. Pounds. Width, 
Inches, 


M 35 2s ON 2 23577 
M 34 123; < 246 20.8 
M 33 123; X 23 17.8 
M 32 
M 31 
M 30 


23.3 4-39 
20.4 3.84 
17.5 3.28 
16.5 1.95 
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ALLOWABLE UNIFORM LoAD IN POUNDS PER SQUARE Foot. 


Fiber Stress, 16,000 lb. per sq. in. | Fiber Stress, 12,000 Ib. per sq. in. 


M 34 | M33 | M32 | M3r | M30 | M35 | M 34 | M33 | M32 |} M31 


1638 | 1400 | 832 | 661 | 469 | I405 | 1229 | 1050 


1138 | 972 | 578 | 459 | 326 853 | 729 
836 | 714 | 425 | 337 | 240 | ° 627 | 536 
640 | 547 | 325 | 258 | 183 480 | 410 
506 | 432 | 257 | 204 | 145 379 | 324 109 
410 | 350 | 208 165 117 307 | 262 88 


339 | 289] 172 | 137 | 97 255 | 217 73 
284 | 243 | 144 82 213 182 61 
242 | 207 | 123 98 69 182 | 155 52 
209 | 179 | 106 | 84 | 60 157 | 134 45 
182 156 92 74 52 156 |) 375) 127 39 


The values given in above tables are the safe loads per square foot of floor surface and are 
based upon the average resistance of the riveted portion within distance a. 

The weight of the plates are included in the safe loads and must be deducted to obtain the 
net superimposed safe load. 

Safe loads for other fiber stresses than those given in table may be obtained from the values 
given by direct proportion of the fiber stresses. 

The weight per square foot does not include the weight of splice bars, rivet heads or other details. 
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TABLE 55. 


BuckLe PLATEs. 
AMERICAN BRIDGE COMPANY STANDARD. 


coi 
2 Size of Buckle. Radii of Buckle. Santee Widths of Flanges and Fillets. 
18) 
5 = Ree d, ae 
i ide b, : Side 1, Side b, in One i i 
2 |icin,| Festa. Pete iat Piteael ee | es Pn be 
1) 3-11 | 4-6 33 | 6-— 88 8- 93 | rto 8 
2|4-6] 3-11 34 8- 9f 6- 83 | Ito 7 35 
3| 3-11 | -3- 6 3 oF |. 6-3 P1998 s+ : <oe 
4) 3-6] 3-11 3 6- 3 7-9 | 1t09 | Ps “© we Ba & 
Bas Ol 37 9 3 (= Whe 1G Sa Reo S|) I jes 
6/3-1] 3-9 3 4-102 7% || § to 10 Ie g oa 8 
7| 3-9 3H I 3 7-14 4-103 Ito 8 Bo = E g272 
8|3-8] 3-8 2 10-2. | 10-2 Ito 8 ice & eos a 
9| 2-8 3- 8 2 5-5 10-.2 I to II £2 a soda 
HON 318) 28 2 I0- 2 5 5 Ito 8 ag = SESS 
Um 2=2 | 3=8 2 3- 71 | 10-2 rtom | gas e | sic 
12|3- 8] 2-2 2 10- 2 3- 74 | 1to 8 ||] % "Oe desl aa 
13| 3-0] 3-0 2 6-10 6-10 TACO ILOM| cele Bo ss = & bo 
14) 2-9] 2-9 3 3-102 3-10f- | rto1r |9 |e 2 Be Ave |) Specs 
19|2-6| 2-9 2h 3-104 4- 74 Itoi |e&l|ad aye Me |ieeeeys 
20|2-9]| 2-6 2 4- 74 3-10k | rto1r | >| me 2 Ae ioe g 
21 | 2- 6 2- 6 24 3-104 3-10} eto aaa el oy x 6 is 5 
22|3-5 | 3-6 4 51175 | 6-3 Ito 9 | 8 | 9 6 ly 9 ig 
Baal 310) 13.5 3 3 S-11x% | tto 9 | 8] 5 Se | Sie 
BAO |" 3=.9 3 6- 3 Tale ecole |e os 
26|3-9| 3-6 3 7-14 6-3 Ito 8 ala 4 RIG OES Fie 
26| 3-2] 3-1 3 5- 134] 4-108 | rto 9 Se x) “Hos 
27|3-1]| 3-2 3 4-103 5- 124 | 1 to 10 ls ll 1g oe 
28|3-0]| 3-1 3 4- 74 4-108 | 1 to 10 ge g gs? ra 
29 | 3-1 3-0 3 4-103 4- 7% I to 10 z o 3 ay S ie 
30|2-6| 2-0 23 3-101 2- 67; | 1 to 12 ee & BLESS 
31 | 2-0 2- 6 24 2- 675 | 3-104 I to 15 re 5 8h wd 
32 | 5 6]) 3-6 34 | 3-18 | b+ 42 | arto 5 = a ASE 2-5 
33) 3- 8) 15= 6 32 Cr4ae || tg sD eal 0.10. 9 Soe 
34| 4-0| 4-0 3 8= 15 8-14 | Ito 7 Sere 


Plates are steel }’’, 3”, 3” or 74” thick. 

Plates of greater length than given in table may be made by splicing with bars, angles, or tees. 

All plates are made with buckles up, unless otherwise ordered. When buckles are turned down, 
a drain hole should be punched in the center of each buckle and should be shown on sketch. 

Buckles of different sizes should not be used as it increases the cost of the plate. 

Connection holes are generally for 3’, }’ or }” rivets or bolts. Different sized holes in same 
plate will increase the cost of the plate. 

Spacing for holes lengthwise of plate should be in multiples of 3” and should not exceed 12’. 
Odd spaces to be at end of plate and in even }’. Minimum spacing crosswise 43”, usually 6”. 

Die number must be shown on drawings. 


Sketches for Buckle Plates should indicate allowable overrun in length and width. 
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TABLE 56. 
PROPERTIES OF COLUMN SECTIONS. 


Properties of Minimum 


Three I-Beam I-Beam 
Section. for Web. 
Series I Series I. Series II. 
anp II. 
Flange Web Moments of Inertia and Web : Moments of Inertia and 
Beams. Beam. Radii of Gyration. Beam. Radii of Gyration. 
: ~ | Total Z Total 
4 3 | & | Area. | Axis A-A. Axis B-B. | 9 =| Area. Axis A—-A. Axis B-B. 
| 3 | Sls —|3| 3 
A 3 A res I, TA Ip rp | A S Ta ra Ip TB 
In.| Lb. |In.| Lb.| In? In | In. In.4 In. |In.| Lb. In? | In.4 In. In.4 In 
IO} 25 8|18 | 20.07 | 248 | 3.51 32 | 4.02] 9! 21 21.05] 249:| 3.44 
“| 25 [10/25 | 22.11] 251 | 3.37] 528) 4.89] 12] 31-5 | 24.00] 254 | 3.25 
y 30 8/18 | 22.97] 272]|3.44| 38714.11] 9| 21 23.95| 274 | 3.38 
30 |10l25 | 25.01) 275 13.32] 619] 4.97]12| 31-5 | 26.90| 278 | 3.21 
alas 8|18 | 25.91] 297 | 3.38] 455|4.19| 9| 21 26.89| 298 | 3.33 
“| 35 | 10|25 | 27-95 | 300 | 3.27] 717 | 5.06] 12]|_31.5 | 29.84] 302 |_3.18 
12] 31.5 | 10/25 25.89 | 439|4.12| 635] 4.95|12] 31.5 | 27-78| 441 | 3.98 
«| 32:5 | 15]42 | 31-00 446 | 3.79] 1552 | 7.07} 18| 55 34.45 | 453 | 3.63 
«| 35 | 10/25 | 27-95 464.| 4.07] 703 | 5.01] 12] 31.5 | 29.84] 466 | 3.95 
35 |15142 | 33-06] 471 | 3.78] 1688 | 7.14] 18] 55 36.51] 478 | 3.62 


40 | 10/25 | 31-05] 545] 4.19] 797] 5.06]12] 31.5 | 32.94) 547 
40 | 15/42 | 36.16 | 552 | 3.91 | 1884 | 7.22]18] 55 | 39-61! 559 
See eros) |S 224;3 890 | 5.24 el 5.06 | 12 < : 893 

42 |15|42 | 37-44 | 898 | 4.89] 1953 905 
45 |10/25 | 33-85] 919] 5.21] 876] 5.09] 12 g21 
45 115/42 | 38.96] 926] 4.87] 2054 | 7.26] 18 933 
50 |10/25 | 36.79) 974] 5.14] 974] 5-14] 12 976 |. 
50 |15/42 | 41.90] 981 | 4.84] 2254 | 7.33 | 18 988 
“| 60. |\n0|25| || 42.71 | 1228") 5.42) 1169 || 5-22 | 12 1228 
“1 60 |15|42 | 47-82 | 1233 | 5.07| 2641 | 7.43 | 18 1239 
18} 55 |12/31.5| 41-12 | 1601 | 6.24] 1496 | 6.03] 15 1606 
55 |18/55 | 47-79 | 1612 | 5.81} 3552 | 8.62] 20 1619 
“|! 60 | 12/31.5| 44-56 | 1693 | 6.16] 1652 | 6.09| 15 1698 
“) 60 | 18155 | 51.23 | 1705 | 5.77] 3879 | 8.70| 20 1712 
ali Os 12|31.5| 47-50 | 1773 | 6.09| 1789 | 6.12] 15 1778 
“| 65 [18/55 | 54-17] 1784 | 5.74] 4163 | 8.77] 20 1791 
7O |12}31.5| 50.44 | 1852 | 6.06] 1930] 6.19] 15 1857 
“| 70 | 318}55 | 57-11 | 1864 | 5.71 | 4452 | 8.84 | 20 1871 
20] 65 |15|/42 | 50.64 | 2354 | 6.82] 2790 | 7.42 | 18 2360 
“1 65 | 20/65 | 57.24 2367 | 6.43] 5234.19.56] 24 2382 
7O 115/42 | 53.66) 2454 | 6.76] 2997 | 7.48] 18 2461 
70 |20/65 | 60.26] 2468 | 6.40] 5586 | 9.63 | 24 2483 
75 | 0642, 150.60 || 25'62'| 6.70") 3203 17.59) 18 2559 | 6. 
75__| 20)65 | 63.20 | 2566 | 6.37] 5933 | 9.69 | 24 2581 | 6.19 
24| 80 | 15/42 | 59.12] 4190 | 8.42] 3329 | 7.50 | 18 4197 | 8.18 
“| 80 | 20/65 | 65.72 | 4204 | 8.00] 6155 | 9.68 | 24 4219 | 7.76 | 9173] 11.45 
rsa Ob 15/42 | 62.48 | 4352 | 8.35 | 3561 | 7.55] 18 4358 | 8.13 | 5194] 8.87 
“| 85 120/65 | 69.08 | 4365 | 7.95 | 6548 | 9.73 | 24 4380°| 7-73 | 9723] 11.51 


“) go 115/42 | 65.42 | 4493 | 8.29] 3767 | 7.60] 18 4499 | 8.08 | 5481} 8.92 
“1 go |20/65 | 72.02 | 4506 | 7.91.| 6893 | 9.78 | 24 4521 | 7.70 | 10207] 11.56 
“) too | 15/42 | 71.28] 4775 | 8.18] 4187 | 7.66] 18 4782 | 8.00 | 6060] 9.01 
“\ 100 | 20/65 | 77.88 | 4789 | 7.84] 7597 | 9.88 | 24 4804 | 7.65 | 11193] 11.66 


Heavier web beams, of same depth as those given in table, may be substituted by subtracting 
area and moments of inertia of given beam, respectively, from values given in table, and adding 
the corresponding properties of new beam. The radii of gyration must then be recalculated from 


the formula r = WI + 4. 
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TABLE 57. 
PROPERTIES OF COLUMN SECTIONS. 


Properties of oy] ian ce ‘ Flanges 
Two Channels Laced. ‘ Turned Out. 


Moments of Inertia and Radii of Gyration. 


Channels. 


Axis B-B. 


Distance Inside to Inside of Webs in 
Inches = b’, 


Weight. 
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The table given above is intended to serve only as a guide in the choice of sections, and not as 
a complete table. The properties of sections not given in table may be found as follows: 

Example.—Required the properties of a section consisting of 2 [s 10 in. at 15 lb., laced, with flanges 
turned out, 8} in. back to back. Distance inside to inside of web = 8 + 3 = 8%”. 

From Table14, Area=8.92 in.?. 

I, =Iy in Table 19 = 133.8 in; rg = V4 + A = V133.8 + 8.92 = 3.87 in. 


Iz =1y in Table 19 = 207.0 int; rz = V1 + A = V207.0 + 8.92 = 4.81 in: 
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TABLE 58. 
Properties or Cotumn Sections. 


Properties of 
Two Channels Laced. 


Moments of Inertia and Radii of Gyration. 


Channels. | Axis B-B. 


Distance Back to Back of Channels in Inches = b. 


Depth. 9} ro} 11} 


Ig Ip TB Ip 


In f In.4 In. In.4 


80.2 | 3-75 | 102.7] 4. 128.1 | 4.74 | 156.3 


102.1 | 3.77 | 130.7] 4. 162.9 | 4.76 | 198.7 
83 10% II} 


93-1 | 3-73 | 119.4 4.22 | 149.0] 4.72 | 182.0 
113.3 | 3-74 | 145.2] 4. 181.1] 4.73 | 221.0 
92 113 
171.2 | 4. 209.3 | 5.18 |-251.3 
195.4 238.7 | 5.20 | 286.4 
260.8 | 4. 318.6] 5.20 | 382.3 
Ily 125 139 
2317.0), 5. 285.4| 5. 337-7 | 6.15 
306.5 )\08. 379.9 | 5. 449.2 | 6.18 
393-7 | 5.18 |_ 472.8 | 5.67 | 559.2 | 6.17 
123 3 143 
314.9 | 5.11 | 378.8| 5.59 | 448.7| 6.10"! 524.6| 6.59 
387.2 | 5.13 | 465.4] 5.62 | 551.0] 6.12 | 644.0] 6.62 
464.4 | 5.13 | 558.3] 5.63 | 661.0] 6.12 | 772.5] 6.62 
537-9 | 5-12 | 647.1| 5.61 | 766.6| 6.10 | 896.4| 6.60 
133 143 153 163 
718.9 | 6.02 | 841.7| 6.52 | 974.5] 7.02 |1117.2| 7.51 
748.2 | 6.03 | 876.0] 6.52 |1014 2} 7.02 |1162.6] 7.52 
856.2 | 6.03 |1002.4| 6.51 |1160.4| 7.03 |1330.2| 7.52 
961.9 | 6.02 1126.4] 6.52 |1304.1| 7.02 |1495.1| 7.52 


The table given above is intended to serve only as a guide in the choice of sections, and not as a 
complete table. The properties of sections not given in table may be found as follows: i 

Example 1: Required the properties of a section consisting of 2[s 10 in. at 15 lb., laced, with 
flanges turned in, 10} in. back to back. 

From Table 14, Area = 8.92 in.?, 


I, = Ix from Table 20 = 133.8 in.4; rg = VI, + A = V133.8 + 8.92 = 3.87 in. 
Iz = Iy from Table 20 = 194 2 int; rg = Wy + A = Vi94.2 + 8.92 = 4.68 in. 
Example 2: Required the properties of a section consisting of 2 [s 10 in. at 15 lb., laced, with 


flanges turned in, 12 in. inside to inside of web. 
From Table No. 14, Area = 8.92 in.2. 


I, = Ix from Table 21 = 133.8 in.4; rg = V1, + A = V133.8 + 8.92 = 3.87 in. 
Tz = Ty from Table 21 = 284.4 in.4; rz = Vig + A = V284.4 + 8.92 = 5.65 in, 
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so 2 TABLE 59. 
PROPERTIES OF COLUMN SECTIONS. 


Properties of Flanges 
Two Channels and ea Turned 
Two Plates. Out. 


Moments of Inertia and Radii 
of Gyration. 


Cover | Total | Inside 
Plates. | Area. |of Web. . Axis A-A. Axis B-B. 


Ta 


mt 
B 


108 


1 
ra 
nile 


can 
eee 


= 
Rel. 
of 
at] 
able 


150 
167 


I 
ry 
are 
a 


AS 
x 


12 [++ co |60 b2[ + c2lco | Go]69 I+ c0]eo Hat | Coleone |e coleo Nem 
a 


=] 

ni 

‘alee 
aH 
aoe 


Load 
ania 
m 

ao|oo 

ah 


=] 
24 
ie 


4 
Ree 


a 
ae 


/cojorco|ea cajencojeo 
Lal 
eIeo 


fox nek ogee! able 


bat 
eo 


Lal 
nH 
c2) 
Ro] 


= 
Ros 


bd 
ome 
noltr 0/02 ab 


a 


33.00 | 18X 
“cc “ 


is} 
Rohe 


is) 
.cn|e9 


FS 
IH on a) 
I nom able 


Nv 
ae 
Ie 
ah 
"oO 


sh [c2bol++c|encolescolencales | [e291 coer wale olen calco 


The table given above is intended to serve only as a guide in the choice of-sections, and not as a 
complete table. The properties of sections not given in table may be found as follows: 

Example: Required the properties of a section consisting of 2 [s 12 in. at 20} Ib., flanges turned out, 
gi in. back to back, and 2 Pls. 163”. 


Item. A Tat Ip TA Tp 


Number. | Section. Size. Table. | In? Table. | In | Table. | In. In. In. 


Pls 16/5" I__| 16.00 5 626' 3 341 V28.06 28.06 
Total 28.06 | 882 | 691 5.61 4.96 


[s 12 in. at 203 14 | 12.06] 19 | 256 19 |) 350 | 882 | 691 


115 


TABLE 60. 
PROPERTIES OF COLUMN SECTIONS. 


Properties of \ Channel Flanges Out. 


Channel and I-Beam a c Minimum I-Beam 
Section. : for Web. 


Series I Serres I. Series II. 


Moments of Inertia and i Moments of Inertia and 
Radii of Gyration. Radii of Gyration. 


Axis A-A.| Axis B-B. 4 ; Axis A-A. Axis B-B. 


| 


fon | 5 | Depth. 


“Oo 


The table given above is intended to serve only as a guide in the choice of sections, and not as a 
complete table. The properties of sections not given in the table may be found as follows: 

Example: Required the properties of a section consisting of 2 [s 10 in. at 20 Ib., flanges turned out, 
and one lg in. at 21 |b. 


Io in. at 20 |b. 
g in. at 21 |b. 


Total 


TABLE 61. 
PROPERTIES OF COLUMN SECTIONS. 


Properties of Fi ; be Channel Flanges In. 
Channel and I-Beam Minimum I-Beam 
Section. H for Web. 


Serres I 
recunie Serres I, Serres II. 


Flange Moments of Inertia and Moments of Inertia aad 
Web Beam. Raaii of Gyration. . Radii of Gyration. 


Axis A-A.| Axis B-B. i ; Axis A-A. Axis B-B. 


Ip Ip 


Ra | F| Depth. 


86 


95 
117 


149 
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The table given above is intended to serve only as a guide in the choice of sections, and not as a 
complete table. The properties of sections not given in the table may be found as follows: 

Example: Required the properties of a section consisting of 2 [s 10 in. at 20 lb., flanges turned in 
and one Ig in. at 21 lb. 


Ta 


Size. In. | Table.| In.‘ 


IO in. at 20 lb. 157-4. 
9 in. at 21 Ib. 5:2 


Total 162.6 


Properties of 
Two Channels 
and 
a Built I-Beam. 


TABLE 62. 


PROPERTIES OF Two CHANNELS AND A Burtt I-BEAM. 
FLANGES TURNED OUT. 


Series x and 2. 


Series x. 


Channel. 


Size of Angles. 
Size of Web Plate. 


= 
eB 


Axis A-A, 


Channel Flanges Out. 


Distance Back to Back 


of Channels Equals 


Width of Web Plate Plus 4”. 


Total Area. 
Moment 
of Inertia, 
Radius of 
Gyration, 
Moment 
of Inertia 


In? 


lee} 
aH 
aH 


oO 
Red 
coco 


lee) 
tal 
les 


21.18 
23.82 
26.76 


24.98 
27.62 
30.56 


32.72 
33-50 
36.44 
34.99 


35-77 
38.71 


Radius of 
Gyration 
Size of Web Plate, 


TB 


In, 


4:35 
4.41 
4.48 
4.18 
4.25 
4-33 


4.46 
4.48 
4-53 
5-30 
5.32 
5:37 


=| 
i] 


Total Area. 


of Inertia. 
Radius of 
Gyration 


In2 


22.93 


25-57 
28.51 


25-73 
28.37 
31.31 
33-47 
34-25 
37-19 
35-74 
36.52 
39.46 


of Inertia. 


Radius of 
Gyration. 


le} 
i} 


In, 


5.16 
5.23 
5-31 


5-05 
5-13 
5.21 


5.36 
5-38 
5-43 
5.57 


5.58 
5.62 


The above table is intended to serve only as a guide in the choice of sections and not as a com- 


plete table. 


The properties of sections not given in table may be obtained as follows: 


Example: Determine the properties of a section composed of 2 channels 15” X 55 lb., 1 plate 
12" X 4” and 4 angles 4” < 4” X #”, 122” back to back. 


Solution: 


2 [sts x55 1b 
1 Pl—12’’x3”’ 


44ql'xglxh” 32 


cipal oa 


19 | 32.36 
I 6.00 
15.00 


= | 53 36 


Axis A-A. 


Axis B-B, 


Axis A-A, 


Moment of Inertia. Radius of Gyration. 


Axis B-B, 


In2 


Table 
No, 


19 


Ip= 


Table 
No. 


TA 
=VIheA 


TB 
=/Ip +A 


In, 


19 
ae 
32 


2048 
V53.36 


Tn = 6.20 
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TABLE 63. 


PROPERTIES OF Two CHANNELS AND A Burtt I-BEAM. 
FLANGES TuRNED IN. 


Properties of | Channel Flanges In, 
Two Channels i A - Distance Inside to Inside 
and U Of Channels Equals 
a Built I-Beam, j Width of Web Plate Plus 3/7, 


Series x and 2, i . Series 2. 


Total Area, 
Total Area. 


Size of Angles. 
Size of Web Plate. 
Size of Web Plate. 


2 g bs ‘ "i In.? 


21.68 52 . 23.68 
24.32 ; - 26.32 
27.26 “ ‘ 29.26 


27.23 6 5 29.98 
29.87 é : 32.62 
32.81 ; : 35-56 


34-22 | 651 | 4. . 34.97 
35.00 . : 35-75 
37-94 | . . 38.69 


16x? | 37.24 | 663 | 4. j 18x} | 40.24 
3 B02 G77. IV An : | 41.02 
“| 40.96 | 733 | 4. “| 43.96 


The above table is intended to serve only as a guide in the choice of sections and not as a com- 
plete table. The properties of sections not given in table may be obtained as follows: 


Example: Determine the properties of a section composed of 2 channels 15” & ¢¢ Ib., 1 plate 
'p p 5 55 P 
18” X 3” and 4 angles 4” & 4” X 3”, 181” back to back. 


Solution: 
Moment of Inertia, Radius of Gyration. 


Axis A-A, Axis B-B. Axis A-A. | Axis B-B, 


Ta TB 
Table =V I,+A| =V pz A 
No. 


iar. In. 


isrs/xs Ib. ae ieee 
Pte | (916 | [3989 
58.61 V58.6r 


Ta = 3.96 |rn = 8.25 
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TABLE 64. 


PROPERTIES OF ONE CHANNEL AND ONE I-BEAM. 


Properties of Properties of 
One Channel F - oz Sz One Channel 


and One I-Beam. 1 ~ and One I-Beam. 


Ser. 1 & 2. 


Beam. | Channel. 


Lee} 
1 


Moment 
of Inertia 
Radius of 
Gyration. 
Radius of 
Gyration. 
Radius of 
Gyration. 


>| Total Area 
Moment 
of Inertia 

=| Moment 

& | of Inertia. | 2 


lanl 
Big 
pat 


Lal 
ib 
BN 


TABLE 65. 
PROPERTIES OF ONE CHANNEL AND A Burtt I-BEAM. 


-----> 


sae avi A Tate Saat Anas poh 
— i t ids 
a le A} = —= *Top Aviles: Share Leas. oe 
One Built I-Beam. i ahs Bottom Angles, Long Legs Out. 
RY ye 
Plate. Channel. Angles. Axis A-A. Axis B-B. 
oe Moment nadie eee Momest popes 
Web. -| Depth. Weight. Bottom. Top. of Inertia. ration! tricity. Eerie ration, 
A Te ra e Ip TB 
In. In. Lb. In. In. In? In! In In In‘ In 
16x3 10 15 5x3gxe | 32%3aX%6 | 21-52 979 6775) I-20 |) 115) || 2.30 
« “ Gs “og “4 | 24.96 1166 6.83 | 0.92 | 132 | 2.30 
“ “ CG ae 3-28.26 1340 6.89 | 0.71 | 148 | 2.29 
“ 12 20.5 6x Xe 4X4x¢ 24.97 1144 O17) | T.4d, |) 207) 12.87 
“ “ Ew De | 29-93 1367 6.86 | 1.08 | 233 | 2.84 
“« &“ « 3 & | 32.97 1572 6.91 | 0.83 | 260 | 2.81 
18x 10 15 5x3axe | 32%32x8 | 24.52) 1338 | 7-39] I-19 | 117 | 2.19 
“ <e ss ee 4 | 27.96 1577 72510 RO:92 1 34e te 2sLO 
“ 6e ce fo 8 SF ach tee) 1802 7-59) |NO:72 |) Ls 20a \a2.2O) 
oe 12 20.5 Ox4xi 4x4xg | 27.97] 1555 | 7-46] 1.42 | 209 | 2.73 
“ Ke ae ne 7 4 | 32.03 1838 7:58: YL |) 237-9) 2.72 
“ “ G 3 2 | 35.97 2103 7.045)" 0:86. | 265) 9|| 2.70 
20x 12 20.5 6x4x2 4x4x% | 28.97 1971 8.24 | 1.52 | 209 | 2.69 
‘ “ & ce | 33.03 2329 8.391) 1-19 || 237 §|' 2:68 
te cs ‘ ek: “3 | 36-97| 2662 | 8.49] 0.93 | 265 | 2.68 
‘ 15 33 6x6xg | *Oxqxs | 35-84 | 2317 | 8.04] 2.30 | 395 | 3.32 
“ “ 6 t 2 | 40.90 2725 8.16 | 1.90 | 423 3.22 
« & Ce bea es «2 | 45.84 3104 8.24 | 1.59 | 451 3-14 
24x$ 12 20.5 Ox4xe 4x4x$ | 33-97] 3133 | 9-62] 1.56 | 212 | 2.50 
“ “ os va cd 4 | 38.03 3656 g.81 | 1.24 | 241 | 2.52 
ss ss Bae Ge Le tT OV Meera tS | 905") .0.09" |: 270- «| 2-84 
a 15 33 6x6x5 6x4x3 | 40.84] 3686 | 9.50] 2.42 | 398 | 3.12 
“« « « “oa “4 | 45.90 4290 9:67. 2:03) 427.051N3.05 
ce ' a cas “ 350.84] 4858 | 9-78] 1.72 | 457 | 3.00 
30x3 eA 20.5 6x4x3 4x4x3 | 41.47 5546 | 11.56) 1.61 | 217 | 2.29 
“ “ “ ae Oe SIN 6381 | 11.84] 1.30 | 246 | 2.32 
U UC: « aes <> = 40.47, 7174 | 12.05 | 1.05 | 276 | 2.36 
cm 15 33 6x6xz | *6x4x} | 53.40 7490 | 11.84] 2.19 | 432 | 2.85 
. A . : 3 es s 58.34 8413. | 12.01 | 1.88 | 463 2.82 
= + | 63.16 9293 | 12-13 | 1.63 | 495 | 2.80 
6x6xt *6x4x} | 54.03 | 10485 | 13-93 
eee «3158.97 | 11825 | 14.16 
«3 | * 4) 63.79| 13104] 14.31 
6x6x} *6x4x} | 57.90 | 11483 | 14.08 
nash “<3 | 62.84.) 12859) | 14.32 
«| 4167.66] 14x70 | 14.47 
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TABLE 66. 
PROPERTIES OF BuILT STRUTS. 


Properties of Long Leg of Angle Turned Out. 
One Channel é “ Back of Angle Flush with 
and One Angle. _ - - Flange of Channel. 


Axis A-A, Axis B-B. 


i Radi 
hagpevipe ae Section] Recen- Section 
Chan- Size of Angle. _ | Gyra- prods tricity. Modu- 
nel. Inertia.| tion. Us. Inertia.| tion. lus. 
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0.81 
1.00 


90 
1.99 
1.33 
1.94 
1.01 
1.19 
1.44 
2.06 
1.31 
1.55 
2.20 
3-03 
2.34 
3.18 
3.18 
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TABLE 67. 


PROPERTIES OF STARRED ANGLES. 


Two Angles Starred, Two Angles Starred, Four Angles Starred, Four Angles St d 
Equal Legs. Unequal Legs. Equal Legs. Ueeqest Face sk 


es B 


“ Values for Axes A-A & 
Values for Axis A~-A same | B-B same as in Tables 
as in Table 38. 39 & 40 respectively. 


Radius of 


Total mee Total i Be qine Syrahoe: 
A ~ | of Gy- Ss 


of Gy-| Size of | Area. S Size of 7 ; 
ration. | Angles. ion. 5 ration. | Angles, ra oa 
A Ta » Ta Tg 


In2 . E ‘ In. 


In. In. 
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8 |B 
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3.10 
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Nn 
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4.24 | 1,11 -80 
6.20 | 1.13 SI 


09 | 


2.62 
3-84 
3-12 G24 eae er20 
4.60 | I. : F 9:20) | 1.53 =|) 4-23) 
6.00 | 1. : 5 12,00] 1.55 | 1.24 
Fegan : ; 14:68) “1.57 let .20 


3.98.) te : ; 6:76 | 1277 ren 
4.96! 1.21 . i 9:92 ||! 4-80") 1.17, 
6.50} I. 4 : 13.00 | 1.82 | 1.20 
7.96 | 1. : : $| 15.92 | 1.84 | 1.22 


5.72 11.44 | 2.34 | 1.09 
7.50 15.00 | 2.36: | TF 
9.22 18.44 | 2.39 | 1.14 
10.88 21.76 | 2.41 | 1.16 


6.10 
8.00 


9.84 
11.62 
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| £2.20' |, 2:27) 134 
16.00 | 2.29 | 1.36 
19.68 | 2.31 | 1.38 
23.24 | 2.33 | 1.40 
8) 14.44 | 2.74 | 1.50 
19.00 | 2.76 | 1.51 
23.44 | 2.78 | 1.53 
27.76 | 2.80 | 1.56 
31.92 | 2.82 | 1.58 
36.00 | 2.85 | I.60 


2'7100)|| 3256"! 2.42 
33-44 | 3-58 | 2.33 
39.76 | 3.60 | 2.35 
45.92 | 3.62 | 2.37 
52.00 | 3.64 | 2.39 
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7.22 
9-50 
TL72 
13.88 
15.96 
18.00 


13.50 
16.72 | 2.38 
19.88 | 2.36 
22.96 | 2.35 
26.00 | 2.34 
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For unequal leg angles, the angle between When angles are not in contact, use tables 38, 
B-B & C-C varies between 10° & 34°. 39, & 40. 
Tie plates for unequal leg angles = 3””. 
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TABLE 68. 
PROPERTIES OF Four ANGLES LACED. 


Properties Ve For Equal Legs and 
of i Unequal Legs with 
Four Angles Laced. f L Long Legs Turned Out. 


Moments of Inertia and Radii of Gyration. 
Axis B-B. Axis A-A. 


Four Total | Thickness of 2 Lacing 


een mes Peeve Distance Back to Back of Angles in Inches = d. 


2 Bars 
ds” = ee r2} 


ion 
B 


wl 


f tal 
@_|eAB9| ++ G0] ba|-* CO |co Hal 


7 
17 


lores] cojeo cojentole+ca|eo 


mn 
ca 

OS 

bol 
b 


12.20 : : 4.51 : SII 679|7-46| 872 
16,00 = ; 4.46 R 659 878 | 7. 1129 
19.68 : ; 4.40 ; 800 1067 | 7. 1374 
19.00 : Z 4-41 : 770 1027 | 7. 1321 
23.44 ‘ ‘ 4.37 | 669 | 5. 937 1252 | 7. 1614 
27.76 4 i 4.32 .29 |1092 1462 | 7. 1888 
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The above table is intended to serve only as a guide in the choice of sections and not as a com- 
plete table. ‘The properties of other sections may be found as follows: 

The areas and moments of inertia of four angles about the axis 4—A are given in Table 32, for 
equal leg angles; Table 33, for unequal leg angles, long legs out, and Table 34, unequal leg angles, 
short legs out; the axis 4—4 corresponding to axis X—X in Tables. The radius of gyration about 
axis 4—A may be calculated from the formula r, = WI, + A. 

The moments of inertia of four angles about the axis B-B are given in Tables 35, 36 and 37, 
the axis B-B corresponding to Y—Y in Tables. The radii of gyration of four angles about the axis 
B-B may be calculated from the formula rg = VI, + 4, or may be found from Tables 38, 39 and 
40, the radius of gyration of four angles being equal to that of two angles. 
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Properties of 
Plate and Angle 
Column Sections. 


TABLE 69. 
PROPERTIES OF Four ANGLES AND ONE PLATE. 


Series I. 


Moments of Inertia and 
Radii of Gyration. 


Without 
Flange Plates 


Long Legs Out. 
d = Width of Web Plate Plus 4 In. 


Series IT. 


Moments of Inertia and 
Radii of Gyration. 


Four 


Total 


Angles. | Area. 


Axis A-A. | 


Four 


Axis B-B. Angles. 


97 


I, 


In.‘ 


81 


110 
127 


143 
161 


Ta TB 


Total 


Area. Axis A-A. 


In, In. 


1:24 
1.47 
1.51 
1.70 
173 


1.19 |33X29x 
“ 


In? 


7.76 
9.12 
10.86 
12.42 
16.00 
17.48 


181 
208 
237 
267 
279 
315 
360 
393 
424 
304. 
350 
359 
404 
421 
476 
526 
544 
596 
643 
692 
TES 


1.42 


11.49 
13.05 
18.19 
20.47 
22.75 
24-99 
24.00 
26.24 
28.44 


1.79 
1.62 
1.67 
2.56 
2.61 
2.65 
2.69 
2.62 
2.66 
2.69 


13.99 
15.95 
18.94 
21.22 
23.50 
25-74 
27.94 
25.00 
27.24 
29.44 
31.60 
33-76 


2.04 
2.08 
2.5% 
2.56 
2.61 
2.65 
2.67 
2.57 
2.61 
2.65 
2.69 
O72 


The above table is intended to serve only as a guide in the choice of sections and not as a com- 
plete table. The properties of other sections may be found as follows: 


Example: Required the properties of a section composed of 4 4 5” X 33 
back to back, and one plate 12” K 74”. 


out, 123” 


Moment of Inertia. 


a aa 


16 2? 


Radius of Gyration. 


Axis A-A. Axis B-B. 


Axis A-A. Axis B-B. 


Table I, Table 


r=Via+Alte=VIp=A 


In. In. 


4 45x32x76 
1 Pl—12x75 


466 i 84 
V6 a) 19.37 


Totals 


tr, = 4.90 | Ty = 2.08 
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TABLE 70. 
PROPERTIES OF FouR ANGLES AND THREE PLATES. 


Properties of Wi 
. ith 
Plate and Angle is Se, 1 iianee! Plates! 


Coltimn: Sections. d = Width of Web Plate Plus } In. 


Series I and II. Series II. 


Moments of Inertia and 4 Moments of Inertia and 
sees Radii of Gyration. Two Radii of Gyration. 


Cover . A Cover Fi or 
Plates. Axis A-A. Axis B-B. | plates. . Axis A-A. Axis B-B. 
Ia Ip I, 


In4 i In 
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23.67| 540 
29.25| 682 
29.20| 653 
36.00} 824 
28.70| 929 / 
35-50} 1173 
37.00] I19I 
43-68| 1387 
32-94 | 1073 
41.00] 1360 
42.50| 1378 
50.44] 1664 
33-69 | 1469 
41.75 | 1857 
43.50) 1885 
51.44| 2263 
53-19 | 2292 
60.19 | 2764. 
67.19 | 3255 
74-19 | 3776 
81.19 | 4327 
88.19] 4910 
95-19) 5525 
102.19| 6175 


21.17| 459 | 4. 100 
26.75 | 598 | 4- 134 
26.20] 556 | 4. 181 
33:00 | 723 | 4. 242 
25:70 | 794 | 5- 179 
32.50 | 1034 | 5. 239 
34.00 | 1052 | 5. 242 
40.68 | 1290 | 5. 303 
29.44 | 916 291 
37-50 | 1197 388 
39-00 | 1215 394 
46.94 |_1496 492 

30.19 | 1261 291 
38.25 | 1644 388 
40.00 | 1672 394 
47-94 | 2052 492 
49.69 | 2081 499 
56.69 | 2529 | 6. 613 
63.69 | 3006 | 6. 728 
70.69 | 3512 | 7. 842 
77-69 | 4048 | 7. 956 
84.69 | 4615 | 7. 1071 
91.69 | 5214 | 7. 1185 
98.69 | 5846 | 7. 1299 
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The above table is intended to serve only as a guide in the choice of sections and not as a com- 
plete table. The properties of other sections may be found as follows: 

Example: Required the properties of a section composed of 4 4 5’ X 33’ X ze”, long legs 
out, 123” back to back, one web plate 12” X 3’’ and two flange plates 12” X 3”. 


Moment of Inertia. Radius of Gyration. 
Axis A-A. Axis A-A. Axis B-B. 


ryt r=VIa+A | ra=VIntA 


In, 5 In2 SEE n. Fi y In. In. 


445x3hxq5 14.12 Bas os 
1 Pl—12x35 5.25 1 4 
2 Pl—toxt 9.00 28.37 28.37 


Total = tT, = 5:39 | TR = 2.60 


TABLE 71. 


PROPERTIES OF Four ANGLES AND Two PLATES, LACED. 


wo 


Properties of = b = Width, Back to Back 
Four Rngies and | of Angles, for Equal 
Two Plates, “Fa Moments of Inertia 

Laced. 2 “= = about Axes A~A and B-B 

Angles Turned Out é. 2S with Angles Turned Out. 


and 
Angles Turned In. 


c = Same as b, but 
with Angles Turned in. 
d= Depth of Web Plates + 3”. 


—eaees 


Oo 


Series 4. 


Moment 
of Inertia 
Radius of 
Gyration 
Moment 
of Inertia 
Radius of 
Gyration. 
Moment 
of Inertia. 
‘| Radius of 
Gyration 


Moment 
of Inertia 

Radius of 
Gyration. 


mt 
” 


In.‘ In. 


3” Web Plates. 8x 


94|2.95 |5-3 | 6.3]12.76 
119/3- 3| 6.6)14.92 
143]3- .2| 6.9]17.00 


104/2. 1] 6.4113.76 
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20713 - 41 7.4123.92 
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14.00 Fl t 2 - -9| 8.4]19.00 3 .8| 8.0]21.50 


bol ooleo b+ 


10.76 : ; ¢ : 7| 7.8|15.76 : -7| 7.4|18.26 


13.44 d : i : -7| 8.2118.44 5 -6| 7.8]20.94 
16.00 . : i : .6| 8.6]21.00 : 6| 8.1]23.50 
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14.92 ; z A : 5 | 8.5119.92 5 -4.| 8.0]22.42 
18.00 J ; b 3 .3| 8.7/23.00 : 3) 8.3]25.50 
20.92/33313- : y : .I| 8.9]25.92 .2| 8.5/28.42 


12’’x8”’ Web Plates. 


24x24x4|10.76 220 4. 8. : 5 : i i d .2| 8.5]19.76|328|4.08|8.2 
2112.92} A : : é E 5 2 .3| 8.9]21.92/396' 4.25/8.3 
5115.00 : ; 9.3]24.00]451)4.34|8.3 


8.8]20.76 354/4-13/8.0 


9.2|23.44/430 4.28/8.1 
9.6]26.00} 500) 4.39|8.2 


9.4124.92|464) 4.31/8.0 
9.7|28.00)54.5/4.41|8.0 
10.1}30.92|620|4.48/7.9 


9.4|26.44|496)4.33|7-7 
9.8]30.00]588|4.43]7-6 
10.1}33-44|671/4.51|7.5 


DAN ANN NNS 
AOmN 


bop 


Gojenko| 4 c0|69. 


oR O 


- 


3x3xi|11.76) 
“ 


ReH MN 


dw 


9.9|21.92 
10.2]25.00 
10.6]27.92 


10.0]23.44 
10.3]27.00 
10.6]30.44 
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TABLE 71.—Continued. 


PROPERTIES OF Four ANGLES AND Two PLatTEs, LACED. 


6 = Width, Back to Back 
of Angles, for Equal 
Moments of Inertia 
about Axes A~A and B-B 

when Angles Are Turned Out. 

c= Same as b with Angles 


Turned In. 
d= Depth of Web Plates + 3”. 


Properties of 
Four Angles and 
Two Plates, 
Laced. 
Angles Turned Out 


and 
Angles Turned In. 


eereS Series 1 Series 4. 
Dyers eal Ba ealyea ewealSe eal % 
and4. | 4 .jea|C8| a3 s) Be Sel. og Lau peel cel sag | =. \ea Sere 
a — # rR a # * i= a ° i= a - 
Size of a3 xo oe are ao a4 Pig 25 ae as cS a4 
sacle A | La edb e say] L | 2 lebalcer Peal tllar Ip be loaner nnn 
Tn In? | In} In. | In. | In. | In2 | In4‘] In. | In. | In. ] In2 | In| In. a In. |] In2 cinta icra In, | In 
14” x 3” Web Plates. | 14x” Web Plates. | 14’’x 8” Web Plates. 14’’x 3” Web Plates 
3X3x4|16.26| 414]5.05| 9.6/10.3]/19.76| 471|4.89) 9.6|10.0]23.26| 528|4.77| 9.5] 9.5 26.76) 585/4.67| 9.6] 9.0 
“ g|18.94) 520/5.24) 9.7/10.9]22.44| 577|5.07| 9.7|10.4125.94| 634|4.94] 9.6| 9.9]29.44| 691\4.-84| 9.6] 9.5 
“ 3]21.50| 620/5.37| 9.8/11.4]25.00] 677/5.20| 9.8/10.8]28.50] 734|5.07| 9.7|10.3 32.00] 791/4.97| 9.6] 10.0 
32X32X4120.42] 570|5.28) 9.6/11.1]23.92) 627|5.12) 9.6/10.6]27.42| 684|4.99| 9.5/10.2130.92| 741|4.89 9.5| 9.8 
“ 3[23-50| 685)5.40| 9.6/11.6]27.00] 742|5.25) 9.6|11.1]30.50| 799|5.12| 9.5|10.6 34.00] 856/5.02] 9.5] 10.1 
3126.42] 791/5.47| 9-6/12.1]29.92| 848/5.32| 9.6/11.6]33.42| 905|5.20| 9.5|11.0 36.92 962 5-10] 9.5] 10.5 
4x4xd 21.94. 616]5.30| 9.3|11.4]25.44] 673/5.15] 9.3|10.9|28.94| 730]5.02] 9.4/10.5 32.44! 78714.93] 9.4] 10.0 
“ 3[25.50| 747|5-41| 9.3)11-8}29.00| 804|5.26) 9.3|11.3]32.50| 861|5.15] 9.3/10.8 36.00] 918]5.05| 9.4] 10.4 
4128.94] 867|5.47) 9-2/12.1132.44] 924/5.34) 9.2/11.7135.94| 981|5.23) 9.3/11.2 39-44|1038|5.13] 9.3] 10.8 


16x 4" Web Plates. | 16’ x 3’ Web Plates. | 16’’x 3 Web Plates. 


32X32X8|25-92| 873|5.80|11.0/12.0]29.92 959 5.66 TL.O/IT.5133.92 1044/5.53 10.9 11.0 37-92 1129 5.46 10.9) 10.5 
“ 3]29.00|1028)5.96/11.1)12.4133.00 1114 5.81) 11.0|11.9|37.00 1199 69 11.0 II.5]41.00 1284 5.60 10.9) 11.0 
 3/31-92|1172|6.06 11.1) 12.8]35.92|1258 5.92|11.1/12.3139.92|1343|5.80 11.0 11.9]43.92/1428 5.70) 11.0) 11.5 


10.9} 11.5]39.44|1193 5.50|10.8| 11.1 
10.9|11.8]43.00, 1369 5.64)10.8| 11.4 


1532\5-74|10.8] 11.7 


4X4X8|27.44] 937|5.84/10.9|12.1]31.44 1023 5-71/10.9|I1.7]35.44| 1108 
Co SEER lors) 10.9 12.5}35.00/ 1199 5.85|10.9/12.2139.00 1284 
10.9|13.0/38.44 peep 10.9|12.6)42.44|/1447 


9.8/12.8] 37.44 1251 5.78) 9.8)12.4141.44/1336)5. 
9-7 |13-2/43.001499 5.91) 9.7 12.8]47.00/1584)5. 
9-6) 13 -6]48.44]1733'5.98) 9.6/13.2]52.44/1818)5. 
9-5} 14-0153.76}1953 6.03) 9.5|13.6]57.76| 2038) 5. 


Plates. | 18x 3” Web Plates. 


9-9|12.1}45.44/1421|5.60/10,2| 11.6 
9.8|12.6]51.00 1669 5.72/10.1| 12.1 
9-7|13-0|56.44|1903|5.81|10.0] 12.5 
9-6|13.4]61.76 2123/5.87 9.9] 12.9 


Mnnin Muu Mu 
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18’ x 3 18” x 3’ Web Plates. 


12.4/13.2]32.42/1293|6.32|12.4 6.19] 12.5)12.5]41.42]1536|6.09|12.4| 12.1 
12.6 13.7135.50 1495|6.49|72.5|13.3140.00| 1616|6.36|12.5|12.9 44.50/1738|/6.25|12.4) 12.4. 
12.7/14.2)38.42/1683 6.67 12.6/13.7|42.92/1804|6.48]12.5|13.2147.42|1926|6.38 

12.4 13-5]33.94 137° 6.38) 12.2 12.9}38.44|1499|6.25|12.2/12.6]42.94| 1627 

12.5/14.0 37-50) 1697 6.55 | 12.3|13.4]42.00|1728)6.42| 12.3/13.0|46.50|1850/6.31|12.2| 12.5 
12.6/14.5]40.94|821/6.67)12.4/13.9]45.44/1942 6.54)12.4|13.4149.94|2064/6. 

11.5/14.8]45 30,2006 6.64, 11.5 14.3]50.00|2127/6.53|11.5/13.8|54.50|2249/6.43|11.4| 13.3 
11.3/15.2]50.94 2313|6.74 11.3/14.7|55.44|2434|6.63|11.3|14.2|59.94|2856|6.53)11.4| 13.7 
I1.2/15.5(56.26 2604/6.80 11.2|15.1160.76|2725|6.69| 11.3|14.6]65.26/2847 6.59] 11.3] 14.1 
II.1|15.2/61.42 2884)6.85 11.1/15.5|65.92/3005|6.74|11.2|15.0 70.42|3127/6.66|11.2) 14.5 
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TABLE 71.—Continued. 


PROPERTIES OF FouR ANGLES AND Two PLATES, LACED. 


£ 
BE 
o 
a 
H 


of Inertia. 


Radius of 
Gyration. 


? | 


= | Radius of 
Gyration. 


b = Width, Back to Back 
of Angles for Equal 
Moments of Inertia 

about Axes A~A and B-B 

with Angles Turned Out. 
c = Same as b, but 

with Angles Turned In. 

d = Depth of Web Plates + 34”. 


Series 3. 


Series 4. 


of Inertia. 


Radius of 
Gyration. 


Radius of 
Gyration. 


cael 
Lat 


b 


In. | In. 


20''x3’’ Web Plates. 


13.8 
14.0 
14.2 


13.7 
13.9 
14.1 


13.1 
13.1 
13.0 
12.9 


14.5134.92 
15.0]38.00 
15.6)40.92 


14.8]36.44 
15.4140.00 
16.0] 43.44 


16.2]48.00 
16.6]53.44 
17.0]58.76 
17.4|63.92 


39.92 
43.00 
45.92 


41.44 
45.00 
48.44 


53-00} 
58.44 
63.76) 
68.92 


6.83 
7.02 
7-15 
6.89 
7.08 
7-23 


13.6 
13.8 
13.9 


13.5 
14.0} 
14.5 
13.6 


13.7 
13.9 


13.8 
14.3 
14.8 


7-23 
7.36|13.2 
7.45/13.1 
7.52|12.9 


13.3/15.2 
15.6 
16.0 


16.4 


Plates. 


22!'x4"” Web 


22 


v7. 
8 


Plates. 


w 
Nie 
ah 
Sua 
bole 
Lat 


. 
a 


15.0 
15.3 
15-5 


15.0 
15.3 


Golento|kt coles 


colar [oo cojerta|et 


15.7|46.00 2695 7.68 
16.2) haa 7.82 
15.5]44.44 2518 7.54 
16.1}48.00 2874 7.74 
16.7|51.44 3210 7.90 


17.0}56.00 3517 7.93 
17.4]61.44 4005 8.08 
17.9|66.76 4471 8.19 
18.3]71.92 4920 8.27 


24/'x3"’ Web 


|15.2|42.92 2383 7.45] 


48.42 
51.50 
54-42 


49.94 
53-50 
56.94 


61.50 
66.94 
72.26 


77-42 


14.9 
/15.1 


[15.3 


15.1 
61/15.2 
15-3 


3739|7-80 14.6 
4227 7-93 14.6 16.5 
4693|8.05 14.6 16.9 


3432|7- 


7-24 
7-43 


‘Tb 1 


14.8 
15.0 
15.2 


13-9 
14.4 
14.9 


14.2 
14.7 
15.3 


15.6 
16.0 
16.5 
16.9 


15.1 
15.1 


14.6 
14.6 
14.6 
14.5 


24x" 


5142/8.15'14.6 17.4 
Web Plates. 


Pat 
= 
tal 


n 
R 
Pt oj-rAlcoclertoi — olarlorcojendsit — anjenba|ecojeo 


-4|16.7147-44|3158 
-6|17.3]5 1-00 3588 


+9}17-9154-44/3995 


-2|18.4159.00) 4377 
-2|18.9]64.4.4'4972 
-2/19.3169.76 5541 
-2|19.8]74.92|6090/9.02 
.3|19.0|67.00 5060|8.69 
.2|19.6174.44|5825 
.1/20.1]81.76 6556/8.96 
.0|20.5]88.92 7264!9.04 
.9|20.8]96.00 7941 


8.16 


8.47 
8.57 


8.62 


8.79 
8.92 


8.85 


9.10 


. j20-2 102.00 


53-44) 
57.00 
60.44 


65.00 
79-44 
75-76, 
80.92 


73.00 


87.76 
94-92 


80.446 


16.0 
16.5 
16.9 


17.4 
17.9 
18.3 
18.8) 


16.1 
16.4 
16.6 


16.0 
16.0 
16.1 
16.1 


15.3 
15.2 
15.1 
15.0 


3446)8. 
3876)8. 


4283 
4665/8. 
5260 8. 
5829 8.77 
6378) 8. 


5348)8. 
113)8. 
6844/8. 
7552/8. 


18.0 

18.6 

19.1 ; 
19.4|100.92 
19.7|108.00 


14.9| 


foo ae and 
as NAW 


On bd 


16.0 
16.3 
16.5 


16.0 
16.0 
16.1 
16.1 


15.3 
15.3 
15.3 
15.2 
15.2 


TABLE 71.—Continued. 


PROPERTIES OF FouR ANGLES AND Two PLaTEs, LACED. 


b= Width, Back to Back 
of Angles, for Equal 
Moments of Inertia 
about Axes A-A and B-B 
for Angles Turned Out. 
c= Same as b, but 
with Angles Turned In. 
d= Depth of Web Plates+ 4. 


Properties of 
Four Angles and 
Two Plates, 
Laced. 
Angles te Out 


an 
Angles Turned In. 


H 
Se 


' 
4 


ee 


wo 


Series 3. Series 4. 


g 
ple 
oO 
a 
H 


Moment 
of Inertia. 
Radius of 
Gyration. 

Moment 
of Inertia 
Radius of 
Gyration. 
Radius of 
Gyration. 
Radius of 
Gyration 


b 


Ce 
4 


b 


In. | In. | In. |] In? In. | In. | In. }, In? > | 0ns 


26’ x 8/’ Web Plates. 26" x 3 Web Plates. | 26’’x 3’ Web Plates.] 26” x 1” Web Plates. 


tad 


43.94| 3526 8.96 17.7|18.0] 50.44| 3892 8.79|17.6 17.6} 56.94) 8.63|17-5/17-1] 63.44) 8.54|17.4. 
47-50) 4039. 9.23 18.0'18.6] 54.00) 4405) 9.05|17.8/18.1] 60.50) 8.88)17.7 17.6] 67.00| 8.76|17.6 
50.94| 4523) 9.42 18.2/19.2 A 4889] 9.23/18.1|18.7] 63.94) 9.07!18.0|18.2] 70.44) 8.94/17.9 
55.50) 4990, 9.48 17-7|19.7] 62.00) 5356] 9.29/17.7)19.2| 68.50) 9.15 17.6|18.7] 75.00] 9.02)17.5 
60.94) 5702 9.68 17.8|20.2] 67.44| 6068) 9.4917-7|19-7] 73-94] 9-34 17.6|19.2] 80.44) 9.20|17.5 
66.26| 6385| 9.82 17.8|20.8] 72.76] 6751| 9.64|17.8|20.2] 79.26] 9.47/17-7|19.7 85.76] 9.34/17.6 
71.42) 7043) 9-94 17.9|21-3 .92| 7409] 9.76|17.9|20.8] 84.42] 9.60)17.8)20.2] 90.92] 9.46/17.7 
63.50) 5818) 9.58 16.8|20.5] 70.00] 6184} 9.40|16.8|20.0] 76.50) 9.26/16.8/19.4] 83.00) 9. 16.8 
70.94) 6737| 9-75 16.8/21.0| 77.44| 7103| 9.58|16.8|20.4] 83.94] 9.44/16.8|19.9| 90.44} 9.32|16.8 
78.26| 7617| 9.88 16.8|21.6| 84.76] 7983] 9.71/16.7|20.9] 91.26] 9.56/16.7|20.4 97-76| 9.45|16.7 
85.42| 8471} 9.96 16.7/22.0] 91.92) 8837| 9.81 16.6|21.4] 98.42) 9.67/16.6|20.9]104.92| 9.56|16.6 
92.50| 9289 10.02 16.6|22.3 .00| 9655| 9.88|16.6|21.9]105.50| 9.76|16.6|21.4|112.00| 9.64|16.6 


28” x 2’ Web Plates. z : 28’’x 1’ Web Plates.}28’’x 14” Web Plates. 


Paial 


nam 2 
R RG F 
bal 
I+ Cojarym|cocojerb|e+ Cofénb3|-4cojoo 


4 colarmleocojon 


53-44| 4728] 9.41|18.8/18.6] 60. : .8)18. -44| 9.15|18.7/17.8] 74.44) 9.05)18.6 
57-00] 5329] 9.67/19.1\19.3 : E : 4 .00| 9.38)19.0|18.3] 78.00) 9.27/18.9) 
60.44} 5898} 9.88)19.4/19.9 ¥ h F BS : 9.57\19.2|18.9] 81.44) 9.45/19.1 
65.00) 6458] 9.97|19.0|20.4} 72. I -9}19- .00| 9.66/18.9/19.5] 86.00) 9.55|18.8 
70.44) 7299)10.17|19.1|20.9] 77. P .0|20. .44| 9.87|19.0|20.0] 91.44) 9.74/18.9 
75.76| 8106|10.35|19.2|21.5 z 4 1/21. .76| 10.03)19.1|20.5| 96.76) 9.90\19.0 
80.92] 8885)10.47|19.3|22.0] 87. : : A .92| 10.16] 19.2/21.0] 101.92) 10.03/19.1 
73.00) 7447|10.10)18.3/21.2] 80. s .3|20. .00] 9.81|18.4|20.2] 94.00) 9.69/18.4 
80.44| 8536|10.30/18.3/21.8 : 5 3R1. .44|10.00|18.4/20.7|101.44| 9.90|18.4 
87.76) 9579|10.45|18.3|22.4 hy 5 m i -76|10.15|18.4/21.2] 108.76] 10.03/18.4 
94.92| 10594) 10.56) 18.3/22.8]101.92 ‘ i 10.27|18.4/21.7|115.92| 10.06) 18.4 
102.00|11568] 10.65|18.3|23.3]109.00 ' 4/22. .00|10.37|18.4)22.3]123.00/10.25/18.4 


30 x }’ Web Plates. 30" x5 ; 30x i” Web Plates.|30’’x 14” Web Plates. 


Ft Coari|cocolen tole! cofsrpicocojerbolt colon bo|-! colo 


56.44| 5670|10.02/20.1|19.9} 63.94 g.88|20.0|19.5] 71.44| 9.76|20.0|19.0] 78.94) 9.56)19.9 
60.00] 6367|10.30)20.5/20.6] 67.50 10.12/20.4|20.0] 75.00|10.00)20.3|19.6] 82.50] 9.89/20.2 
63.44] 7027|10.51|20.8|21.2| 70.94 10.35|20.7|20.5] 78.44/10.20|20.5/20.2| 85.94|10.06/20.4 
68.00] 7690|10.64/20.5|21.7] 75.50 10.46) 20.4|21.2] 83.00] 10.30/20.3|20.8] 90.50) 10.18|20.2 
73.44| 8670)10.86)20.7|22.2} 80.94. 10.68|20.6/21.8] 88.44)/10.51 20.5 21.4] 95.94 10.40 20.4 


78.76) 9613 11.05|20.9|22.8] 86.26 10.86|20.7|22.3] 93-76)10.70|20.6 21.9] 101.26) 10.56)20.5 
83.92|10522|11.20/21.0/23.4] 91.42 11.02|20.9/22.9] 98.92|10.85/20.8/22.5]106.42|10.71|20.7 
76,00| 8857|10.78/19.9|22.5] 83.50 10.62|20.0 91.00|10.46]19.8/21.5] 98.50|10.35|19.9 
83.44|/10129|11.02|19.9|23.0} 90.94 10.85)|20.1 98.44| 10.70] 19.8)22.0] 105.94) 10.56|20.0 
90.76/11352|11.20)19.9|23.6] 98.26 11.02/20.2 10.85) 19.8|22.6]113.26|10.73| 20.1 
97.92|12541|11.32/20.0|24.1]105.42)13104/11.15|20.2 I1.00]19.9|23-1]120.42)10.90|20.1 
105.00|13685/11.42|/20.0/24.7]112.50|14248 II.11|19.9|23-7|127.50) 10.98/20.1 
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and 
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TABLE 71.—Continued. 


PROPERTIES OF FouR ANGLES AND Two PLATEs, LACED. 


b = Width, Back to Back 
of Angles, for Equal 
Moments of Inertia 
about Axes A~A and B-B 
with Angles Turned Out. 
c = Same as b, for 
Angles Turned In. 


d = Depth of Web Plates + }”. 


f 
- 
H 


Series 2. 


Moment 


of Inertia. 


Radius of 
Gyration. 


b 


In. 


Moment 
of Inertia 


Series 


ED Series 4. 


Radius of 

Gyration 
b. to b. 
Angles 
Total 
Area 


Radius of 
Gyration. 


Radius of 
Gyration. 


b c A Tr b 


In. | In,] In2 In..-|\ In. 


é 


Je1_Colsrie[ea colen bol colazimlooco|onty|H! oojorty|-!co|co ) 
ive) 
i) 
~“ 
lent 


fon 

BR 
"Or 

tal 


non 
ROR 


ies) 
nt 
"CO 

tal 


RRR 


10419 
11890 


/13305 


14683 


|16011 


21.4 
21.8 
22.1 
21.8 
22.0 


-75/22.2 


22.4, 


21.3 
21.4 
21.6 
21.6 
21.6 


x2’ Web Plates. 


Pia 
21.8 
22.4 
23.0 
23.6 
24.2 
24.8 
23.9 
24.6 


” Web Plates. | 32x13” Web Pl 


67.44 
71.00 
74-44 
79.00 
84.44 
89.76 
94-92 
87.00 
94-44 


25.3|101.76 
25.8] 108.92 
26.2]116.00 


III02 
12573 
13988 
15366 
16694 


12.00|21.5 


-9|23-1] 92-44] 
-1/23.6] 97.76 
-3|24.2] 102.92 
.3/23.3] 95.00 
.4|24.0] 102.00 
-5|24.7| 109.76: 
-5|25.2|116.92 


25.6]124.00 


|L1.37 
11.54 
II.14 
|11.40 
11.55 
11.72 
11.85 


21.2|20.2| 83.44/10.25|21.1| 


21.6|20.8] 87.00|10.50|21.4 
21.8|21.4] 90.44|10.70|21.7 


21.6/21.9] 95.00)10.80/21.5 
21.8)22.5]100.44|11.04|21.7 
21.9|23.1]105.76|11.23/21.8 
22.1|23.7|110.92/11.38/22.0 
21.2|22.8]103.00/ 11.00) 21.2 
21.3|23.3|110.44/11.25 21.3 
21.4/24.1]117.76|11.42/21.3 
21.4/24.6]124.92/11.57/21.3 
21.4/25.1]132.00|11.70|21.3 
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34x?’ Web Plates. 


34'x%” Web Plates. 


34/x1 


"" Web Plates. | 34’’x13’” Web Pl 


ates. 
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7899 

8809 

9673 
10568 
11860 
13105 
14307 
12138 
13823 
15447 
17027 
18554. 


11.25 


11.55 
11.80 


II.95 
12.23 
12.45 
12.63 
12.16 
12.44 
12.65 
12.81 


12.97 


22.6 
23.0 
23.4, 
23.2 
23.4 
23-7 
23-9 
22.8 
22.9 
23.1 
23.1 
23.2 


2222 
22.9 
23-7 
24.3 
24.9 
25.6 
26.2 
25.2 
25-9 


70.94 
74-50 
77-94 
82.50 
87.94 
93-26 
98.42 
90.50 
97-94 


26.7} 105.26 
27.2\112.42 
27.7/119.50 


8718 
9628 
10492 
11387 
12679 
(13924 
15126 
12957 
14642 
16266 
(17846 
19373 


11.08/22.5 


11.37|22.9 
11.60|23.3 


11.75|23.0 
12.02|23.2 
12.23|23.5 
12.37|23.7 
11.97|22.7 
LUg.24)22.9 
12.44|23.0 
12.60|23.0 
12.75|23.1 


21.8] 79.44 
22.5| 83.00 
23.2| 86.44 
23.8] 91.00 
24.3] 96.44 
25.0] 101.76 
25-7|106.92 
24.6] 99.00 
25.4/106.44 
26.1]113.76 
26.6|120.92 
27.1|128.00 


10.95 
11.21 
11.45 
11.58 
11.84 
12.03 
12.20 
11.80 
12.06 
12.25 
12.44 
LOLS 


22.4|21.4] 87.94)10.85|22.3 
22.8/22.0] 91.50|11.10|22.7 
23.1|22.6] 94.94|11.30|23.0 
22.9/23.3] 99.50|11.45|22.7 
23-1|23.8]104.94|11.70)22.9 
23.4)24.5|110.26|11.89/23.2 
23.6/25.2/115.42|12.05/23.4 
22.6|24.1]107.50|11.65 22.5 
22.8/24.8]114.94|11.90 22.7 
22.9|25.5|122.26|12.10/22.8 
23.0|26.0|129.42|12.28/22.9 
23.1|26.51136.50|12.40 23.0 


21.0 
21.6 
22.1 
22.8 
123.3 
23.9 
24.4 
23-5 
24.2 
24.9 
25.4 
25.9 


36x” Web Plates. 


36"x%" Web Plates. 


367x1 
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9199 
10225 
11201 
12227 
13690 
15102 
16466 
14022 
15935 


17782 
19580 


21318 


11.85 
12.18 
12.45 
12.60 
12.85 
13.12 
13.32 
12.85 
13.14 
13.36 
13.55 


13.69 


23.9 
24.3 
24-7 
24.6 
24.8 
25.1 
25-3 
24.3 
24.5 
24.7 
24.7 
24.8 


23.4 
24.1 
24.9) 
25-5 
26.2 
26.8) 


74-44 
78.00 
81.44 
86.00 
91-44 
96.76 


27.5|101.92 
26.5] 94.00 
27.3|101.44 
28.1|108.76 
28.6)115.92 
29.1|123.00 


10171 
III97 
12173 
13199 
14662 
16074 
17438 
14994 
16907 
18754 
20552 
22290 


I1.70|23.9 
11.97|24.2 
12.23|24.5 
12.40|24.4 
12.66|24.8 
12.90|25.1 
13.08/25.5 
12.64|24.2 
12.92|24.4 
13.14/24.6 
13.32|24.6 
13.45|24.7 
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23.0) 83.44 
23-7) 87.00 
24-4) 90-44 
25.0! 95.00 
25 .8]100.44. 
26.5}105.76 
26.9|110.92 
25-9|103.00 
26.6|110.44, 
27.4/117.76 
28.0]124.92 
28.5]132.00 


11.55 
11.84 
12.06 


12.22 
12.48 
12.70 
12.90 
12.45 
12.74, 
12.95 
13.09 


23.9|22-7| 92.44/11.45|23.5 
24.2|23.3} 96.00|11.70|23.8 
24.4|23-8] 99.44/I1.91|24.2 
24.3|24.4|104.00| 12.06|24.5 
24.'7|25.3]109.44|12:30|24.7 
24.8/25.7|114.76|12.54/25.2 
25.0/26.3]119.92|12.71|25.8 
24.0|25.3]112.00]12.30|23.9 
24.2/26.1]119.44)12.57/24.1 
24.4|26.8]126.76|12.78)24.3 
24.5/27.3]133-92|12.96/24.4 


13.25| 


24.6/27.8]141.00|13.12]24.5 


22.3 
22.8 
23.3 
23.9 
24.9 
25-9 
26.9 
24.7 
25.4 
26.1 
26.7 
27.2 


TABLE 72. 
PROPERTIES OF Four ANGLES AND Four PLATES. 


Properties of Edges of Angles Flush with 
Four Angles and - = Edges of Cover Plates. 
Four Plates. d= Depth of Web Plates Plus 4”. 


Series 1, 2and 3. Series x, ies 2. Series 3. 


Axis A-A. | Axis BB, 


> 
lo} 
a 
f 
ie 
> 
lof 
a 
ie 
w 


Cover Plates. 
>| Total Area. 
Moment of 
Inertia 
Radius of 
Gyration. 
Moment of 
Radius of 
Gyration, 
> Total Area. 
| Moment of 
Inertia. 
Radius of 
Gyration. 
Moment of 
Inertia, 
Radius of 
Gyration 
>| Total Area, 
Moment of 
Radius of 
Gyration 


I 


A B 
In. 49m} Inia) wine! . | In4 | In, ] In2] In4 5 In. 


"X #” Web Plates. 12” X 3” Web Plates. 12" < $’ Web Plates. 


> 
rn 
wo 
Lal 
> 
a 
Cy 
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442 14.19 |28.26] 753 |5.16| 481 |4.13 [31.26] 789 |5.02| 516 
499 |4-17|31.76| 910 |5.35) 538 |4.12|34.76| 946 |5.22| 573 
557 14.15 |35.26 | 1073 |5.52| 595 |4.11 |38.26| 1109 |5.39| 630 
SII |4.28 }30.94.| 829 |5.18 4.22 |33-94.| 865 5.05] 585 
568 |4.26134.44| 986 |5.35 4.19 ]37-44 | 1022 |5.23 | 642 
626 |4.23 137.94 | 1149 |5-53 4.18 |40.94 | 1185 |5.38| 699 
737 |4.88 |33.92| 926 |5.22 4.81 |36.92| 962 |5.10| 833 
822 |4.85 |37.92 | 1105 |5.40 4-79 |40.92 | 1141 |5.28] 918 
4.83 ]41.92 | 1290 |5.55 i -92 | 1326 |5.43 | 1003 
-97 |37-.00 | 1007 |5.22 i .00 | 1043 |5.11| 936 
-94 141.00 | 1186 |5.38 5.27 | 1022 
-92 145.00 | 1371 |5.52 .86 |48.00 | 1407 |5.41 | 1107 


14” X 3” Web Plates. 14” X 3” Web Plates. 


37-42 | 1374 ]6.06 | 1183 1431 (5.91 | 1268 
1640 |6.26 | 1304 1697 |6,12 | 1390 
1914 |6.42 | 1426 1971 |6.28 | 1511 
1489 |6.07 | 1325 1546 |5.93 | 1410 
1755 |6.30| 1446 1812 (6.12 | 1532 
2029 |6.41 | 1568 2086 |6.28 | 1653 
1415 |6.03 | 1130 1473 '5.89 | 1198 
1686 |6.23 | 1251 1743 6.10 | 1320 
1960 |6.42 | 1373 2017 6.26 | 1441 
1551 |6.04 | 1276 1608 (5.91 | 1345 
1817 |6.22 | 1397 1874 6.09 | 1466 
2091 |6.38 | 1519 2148 6.25 | 1588 


16” X 2" Web Plates. | 16” X §” Web Plates. 


2234. |7.30 Bi -92 | 2319 |7.11 | 1863 |6. .92 | 2405 |6.94 | 2004 

2622 |7.48 : .92 | 2707 |'7.29 | 2030 |6. .92 | 2793 |7.13 | 2171 |6 
3022 |7.63 i .92 | 3107 |7.46 | 2196 |6. 92 | 3193 |7-30 | 2337 
2389 |7.29 ; .00 | 2474 |7.11 | 2050 |6. .00 | 2560 |6.95 | 2191 
2777 \7-45 f .00 | 2862 |7.28 | 2217 |6.. .00 | 2948 |7.14 | 2357 
3177 |7.56 : .00 | 3262 |7.44 | 2383 |6. .00 | 3348 |7.30 | 2524 
2298 |7.28 i 44 | 2383 |7.09 | 1797 |6. 44 | 2469 |6.93 | 1915 
2686 |7.44 i .44| 2771 |7.27| 1964 |6. .44 | 2857 |7.12 | 2082 
3086 |7.60 hs .44.| 3171 |7.43 | 2130 |6.09 161.44 | 3257 |7.28 | 2249 
2474 |7.26 : .00 | 2559 |7.09 | 1992 |6. .00 | 2645 |6.94 | 2110 
2862 |7.42 i .00 | 2947 |7.26 | 2158 |6. .00 | 3033 |7-11 | 2277 
3262 |7.55 3347 7-41 | 2325 |0. -00 | 3433 |7-27 | 2444 
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TABLE 72.— Continued. 
PROPERTIES OF Four ANGLES AND Four PLATES. 


rties of Edges of Angles Flush with 
rae is ‘nd = -- Edges of Cover Plates. 
Four Plates, d= Depth of Web Plates Plus 4’. 


Series 1, 2 and 3. Series 1. I, Series 3. 


Axis A-A. Axis A-A, 


> 
teu 
a 

- 
w 
a. 
® 
ow 


Total Area. 
Total Area, 


Inertia. 
Radius of 
Gyration. 
Moment of 
Radios of 
Gyration 
Moment of 

Inertia. 
Radius of 
Gyration. 
Moment of 

Inertia. 
Radius of 
Gyration, 

Inertia, 
Radius of 
Gyration, 
Moment of 
Radius of 
Gyration. 


Cover Plates. 
Moment of 


| 


= | Moment of 


_ 
> 
4 
> 
= 
to] 
i 
i) 


Ta | Ta Ip 
In2 Int} In, | In4 ; 2) In4|] In. | In 


18” x 4” Web Plates. 18” X 3” Web Plates. 


iol 
i=] 
4 
{3 


2564 |7. : 7.76 | 2780 |7.16 
2786 |7. ; 7-98 | 3002 |7.11 
3008 |7. : 8.16 | 3224 |7.02 
2802 |7. . 7:79 | 3018 |7.25 
3023 |7. d 7.98 | 3239 |7-17 
3245 |7. : 8.15 | 3461 |7.11 
2484 |6. “ 7.76 | 2669 |6.91 
2705 |6.89 |61. 7.96 | 2891 |6.86 
2927 |6. i 8.14 | 3113 |6.81 
2734. |7- . 7-77 | 2919 |7-01 
2956 |7. : 7.96 | 3141 |6.95 
3178 |6. : 8.14 | 3363 |6.91 
” X< # Web Plates. 20" X 3” Web Plates. 


4426] 8.83 | 3717 |8.08 |62.00 |4593] 8.61 | 4031 |8.07 
5127] 9.02 | 4005 |7.98 }68.00 |5293| 8.83 | 4319 |7.98 
5844] 9.22 | 4293 |7- .00 |6011| 9.01 | 4607 |7.89 
4664) 8.82 |/3999 |8. .92 |4831| 8.62 | 4313 |8.15 
5365| 9.02 | 4287 |8. .92 |$531| 8.84 | 4601 |8.06 
6082] 9.22 | 4575 |7- .92 16249] 9.02 | 4889 |7.97 
4571| 8.80| 3640 |7. .00 |4737| 8.60 | 3916 |7.84 
5271| 9.01 | 3928 |7. .00 |5437| 8.82 | 4204 |7.78 
5988] 9.18 | 4216 |7. .00 6155] 9.01 | 4492 |7.70 
4841| 8.80 | 3952 |7-96 |67.44 |5008| 8.62 | 4228 |7.92 
5542| 9.00 | 4240 |7. .44.|§708) 8.82 | 4516 |7.84 
6259 9.17! 4528 7. .44 16426] 9.00 | 4804 |7.78 


22" X 4’ Web Plate 22!’ X &’ Web Plates. 


6933| 9.96 | 6351 |9. .50|7155| 9-74 | 6894. |9-56 
7930|10.15 | 6808 |9. .50|8152| 9.94] 7351 
8949|10.32 | 7265 |9. .50 |9171|10.13 |7809 
7226| 9.96 | 6758 |9.6 42 |7448| 9.75 | 7302 
8223|10.15 | 7216 |g. 42 |8445| 9.95 | 7759 
9242|10.31 | 7673 |9.. .42 19464) 10.13 | 8217 
7112] 9.95 | 6276 |9. .50 7334) 9-74 | 6764 
8109|10.13 | 6733 |9. .50 |8331| 9.94 | 7222 
9128/10.30 | 7191 |9. .50 |9350|10.11 | 7679 
7448] 9.94 | 6731 |9. .94 |7670| 9-74 | 7219 
8445|10.12 | 7188 |g. .94 |8667| 9.94.| 7677 
9464) 10.28 | 7646 |g. .94 |9686| 10.11 | 8134 
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TABLE 73. 


PROPERTIES OF Four ANGLES LACED AND E1cHtT ANGLES BATTENED. 


Four Angles. 


> 


Preis ae 
|. 


Laced (Box Column). 


Eight Angles. 


Battened (Gray Column). 


Axis A-A. 


Size 
of Angles. 


Moment 
of Inertia. 
Radius of 

Moment 
of Inertia. 
Radius of 
Gyration. 

Moment 
of Inertia. 
Radius of 
Gyration. 


— 
BS 
iS 
_ 
> 
lal 
> 


In‘ | In. 


Value of d in Inches. 


51 
103 


II7 |4.50 
167 |4.45 
214 14-41 | 


124 
284 15-35 
365 |5.30 
440 |5.26 

143 
444 |6.23 
575 |6-19 
695 |6.14 


184 
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tal 
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tal 
colerto|4 coleo 


Gyration. 
Moment 
of Inertia. 
Radius of 
Gyration. 
Moment 
of Inertia. 
Radius of 
Gyration. 


of Inertia. 
Radius of 


LN 
In.4 


Value of d in Inches. 

143 
251 |4.67 
362 


4-63 
466 |4.60 
143 


419 14-59 
542 |4.57 
656 14-54 
165 
628 [5.24 
815 [5.21 
990 |5.18 


i 
203 


In4 


330|5-35 
478)5.32 
616|5.29 
163 
553|5-28 
716/5.25 
8685.22 
183 
802|5.92 


1042|5.89 
1267|5.86 


X10 10 SO 
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19.84 
26.00 


31.84 
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22.88 
30.00 
36.88 


cojereo|ecolea 


224 
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1072 |7.84 
1398 |7-79 
1705 |7-74 
1996 |7.68 


1354/5. 
1769/8. 
2161/8. 
2535/8. 


We lcocolento} coles 


1781|7.14 
2331|7-12 
2856|7.08 
3360/7.05 


1463 |6.48 
1914 |6.45 


34.88 
46.00 


56.88 
67.52 


22 
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2343 |6.42 
2755 |6.39 
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The table given above is intended to serve 
only as a guide in the choice of sections and not 
as a complete table. The properties of other 
sections may be found as follows: 

Example: Required the properties of a 
square box column consisting of 4 A 4’’x4’’x}”’, 
laced, 13} in. back to back. 

Solution: Table 32 evidently applies to 
angles with legs turned in, as well as angles 
with legs turned out. 

Area, from Table 32 = 15.00 in.” 

I, = Ix, from Table 32 = 467 in 

ty =NI, + A = 467+ 15.00 = 5.58 in. 


The table given above is intended to serve 
only as a guide in the choice of sections and not 
as a complete table. The properties of other 
sections may be found as follows: 

Example: Required the properties of a 
column consisting of 8 4 4’’x4"x3", battened, 
154 in. back to back. 

Solution: From Tables 32 and 35 the 
moment of inertia about axis 4—4 equals 645 
+ 43 = 688 int and the area equals 2 X 15.00 
= 30.00 sq. in. 

The radius of gyration equals 

r =I + A =V688 + 30.00 = 4.79 in. 
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TABLE 74. 
PROPERTIES OF E1icHT ANGLES AND THREE PLATES. 


r d= Width of Web Plate 
Properties 2 Plus One-half Inch. 
pe of F b = Width of Flange Plates 
Hight Angles Plus One-half Inch. 
Large Sections may be 
Three Plates. | ? Laced on Open Sides. 


Axis A-A. Axis B-B. 


Size. of ' 
Flange _Size of 5 Moment of | Radius of | Moment of | Radius of 
Plates. | Inside Angles. | Outside Angles. Inertia. Gyration, Inertia. Gyration. 


Tg TA Ip TB 


In In. In.4 In. 


4 


3238 8.31 1198 5.06 
4135 8.32 1534 5.07 
5016 8 32 1856 5.06 
50st 9-17 1976 5.74 
6261 9.17 2431 5-71 
7459 9.18 2875 5-70 
7319 10.13 2708 6.16 
8885 10.14 3285 6.16 
10434 10.15 3845 | 6.16 
9175 IT.05 3356 6.69 
11139 11.06 4070 6.69 
13083 11.08 4767 6.68 


17447 11.77 7021 7.46 
20234 11.77 8102 7.44 
23001 11.77 g168 7.43 
21081 T2271 8376 8.01 
24456 12.71 9672 7-99 
27809 12.71 10943 7.98 
27369 13.67 10456 8.45 
31433 13.68 11988 8.45 
35477 13.69 13496 8.45 


The above table is intended to serve only as a guide in the choice of sections and not as a com- 
plete table. The properties of other sections may be found as follows: 
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Example: Required the properties of a section composed of a 20” X §’” web plate, two 24” 
>< 3” flange plates, four 4” X 4” X 4” inside angles and, four 6” X 4” X 4” outside angles fastened 
1” 


by 4” legs, d = 203”, b = 24%". 
Solution: 
Moment of Inertia, Radius of Gyration, 


| 
Axis B-B. _Axis A-A. | Axis B-B. 


Ta TR 
Table =VIq 2A =VIz +A 


In. 


1-Wb. Pl. | 20x? mee 
2-Fl. Pls. | 24x$ | . 7506 
4-Ins. A | 4x4xz : 91.26 
4-Outs. A | 6x4x} 


Ta = 9.07 


TABLE 75 
ELEMENTS OF Z-BAR COLUMNS 
AMERICAN BRIDGE COMPANY STANDARDS 


Dimensions in Inches : Rivets ?” Diam. 


Size of Z-Bars 


B. 
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Size of Flanges STANDARD DIMENSIONS 
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Radius of 
Gyration 
Moment of 
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375X416 X 316 
38 X45 X38 
310%4_ X3i6 
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316X45 X3x6 


col 


oem 
ly 
es 


H 
iz) 
Hy 
c7) 

lok eLcojen 
ol 
o 


olen 
creer 
we 


| oesiste | sones 
I+ color 
i) 
pore 
ADNDNANAANNN 
bors} 


as Web 
Same Thickness as Z-Bar 

HI 
2 
+ olen | 
a 
i 
| 
SHH 


wre 
Po 
I 
ots eo 
NNN Hee ee 
oi le 
aon 
ale 
1 
= 


Neo llc ole cle cle cle clo cle oie 0) 
oSBdbddpppRR 


se 
sW--- 
$2 9 G9. G9 49 G9 G9 UO US 


mle 
lta 


| 


376X5_ X3i%5 
34 X5i6 X32 
316X58 X36 
34 X5 X34 
376 X 5x6 X 326 
34 X55 X38 
SrierSoe ogee 
316 X56 X3i6 


i 
() 


-Bar | 
aeeree | 


1 
i 


fons] onleo 


leo 


Sa 
|=™12%¢,] 
aes 


CDmMMAMMADONO 


7’ Web 
Perey 


Same Thickness as Z, 
4 
| 
c) 


WWWWWWwW Ww 
wBwHohARAH 
AD He ee O 


ee eee 


welee, 


33 X6_ X33 
316 X Ors X376 
38 XO X38 
34 X6 X35 
376 XOrs X 316 
38 X6§ X38 
32 X6_ X35 
316 X Ors X316 
38 X65 X33 


| La 
joa} oeoie | onles 


me 
mole 


8” Web 
Same Thickness as Z-Bar 


WWWWWWWWW 
MINIM DM WO OO 
WWWWWWWWw 
OnIN ON ANIN D 


aiar5) 
a 
H 


TABLE 77. 
PROPERTIES OF CHORD SECTIONS. 
McCurintic-MArsHAL CONSTRUCTION Co. STANDARDS. 


Properties of 2 Long Legs Turned Out. 
Two Angles and Top of Plate 3’’ Below 
One Web Plate. Backs of Angles. 
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Note: Section modulus, Sa, is given for top fiber. 
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TABLE 77.—Continued. 
PROPERTIES OF CHORD SECTIONS. 
McCurntic-MarsHALL Construction Co. STANDARDS. 


Properties of 
Two Angles and 
One Web Plate. 


Long Legs Turned Out. 
Top of Plate }/’ Below 
Backs of Angles. 


g : 4 Axis A-A. ps ee : F Axis A-A. Axis B-B 
Be 3 2 leslsales| us lesisal » 3 4 |edlsaloel0lealea 
S| 2 |g | 2b)e3i23| 8 2kles] 2 | =< | a | fe/se]fal 2 | aeles 
. 6 | @ | SS/ZE/ee! g lesise) = 3 | 8 | 2/35/33] g lgalse 
ra g & | 4g /2/%S! 6 lA5/8d 8 g & | Ag lad|%s| 5 |as|e6 
8 a a as 
3 A Ta ‘| rq | Sey ve Ip B B A Fara | Say te Ip | tp 
In. In. In? | In | In. | In2) In. | In‘) In, | In In In2 | In4 | In. | In.8| In. | Int] In.* 
12X 16/3 X23X+ | 6.37] 94.8/3.8424.013.95| 5.3] .o2|12X4 |4 X3 XH |12.50/168.613.67149.1 3-43, 26.4|1.46 
3. X22Xs| 6.99] 100.7|3.79|27.5|3.67| 6.7] .98 5 X3 Xs |11.72|166.4/3.76|46.8 3-55 36.5)1-77 
32 X24X+¢ | 6.63] 98.5/3.86/25.9/3.81| 8.2/ 1.11 5 X3_ Xz |13.50/178.2/3.63|55.9 3-19 48.9|1.90 
33X23 X75] 7-31/104.5/3.78129.6/3.53] 10.3] 1.19 5 X32X+% |14.00)178.2/3.56|55.713.20 49.7|1.88 
4 X3 X76| 7-93/107.9/3.70|32.0/3.37) 15.11.38 6 X32Xs |12.84)174.1|3.69|52.0|3.35 61.6/2.19 
4 X3 X# | 8.71/112.8|3.60/35.8/3.15|18.2/1.44 6 X32XF |15.00)186.3/3.52)62.1/3.00 82.02.34 
5 X3 Xe} 8.55)113-8/3.64/36.3/3.13/28.7/1.82 6 X4 XF |15.50)186.3/3.52|61.5]3.03 82.5|2.31 
5 X3_ Xe | 9.47/119.0]3.55|40.9|2.91/34.4|1.92 
5 X32Xz6| 8.87/113.9]3.58)36.4/3.13/28.8)1.80]14X |4 X3 X32 |10.21 196.5] 4.39|47-8|4.11 18.6/1.35 
5 X32Xs | 9.85/119.0/3.47|40.9|2.92/34.6|1.88 5 X3_ XB |10.97/207.414.34|54.1/3.83/35.1|1-79 
: 5 X32X@ |11.35|207.5|4.28]54.4/3-81/35.3|1.76 
12X$ |3 X23Xz6| 7-74/114.3|3.84/29.3|3.91| 6.9] .o5 6 X32X3 12,09 216.6|4.23|60.5/3.59)59.6]2.22 
* 132X22Xz5| 8.06|118.5/3.83/31.4|3.77|10.6|1.15 6 X4 X¥% |12.47/216.7|4.16|60.5/3.59|59.6|2.19 
4X3 Xyze| 8.68/122.7/3.76/34.0]3.61] 15.5] 1.34 
4 X3 Xe | 9.46/128.4/3.68]38.0/3.38/18.6/1.40]14X4 |4 X3 X4 |13-50/258.2 4.37|62.2|4.16/26.4) 1.40] 
5 X3 Xrxel 9.30|129.9/3.74138.413.38|29.2|1.77 5 X3_ Xo |14.50/273.3)4.34|70.1)3.89| 48.9) 1.84 
5 X3_ X¥ |10.22/135.8]3.64]43.213.14/35.1/1.85 5 X32X-e | 15.00 273.5|4.27|70.8|3.87|49.2|1.81 
5 X32Xz6| 9-62/129.5|3.80/38.4|3.37|29.4|1.75 6 X33X8 |13.84/265.7/4.38|65.3|4.07/61.6|2.11] 
5 X32X-# |10.60/135.8/3.58/43.1/3.15|35.3|1.82 6 X33X |16.00)285.3/4.22178.3)3.64|82.0/2.26 
6 X3aXs |11.34|141.8|3.54/47.9|2.96|59.6|2.30) 6 X4 Xz |16.50/285.0/4.16/78.1|3.65|82.5/2.24) 
6 X4 Xs |11.72|145.0]3.52|48.7|2.98)59.6|2.26 
16X# 15 X33X¢F |12.10|299.6|4.98/66.4| 4.52 ; 
4 X3 Xz5|10.99/149.1|3.68]45.1|3.31/22.3|1 42 6 X3aXs |12.84/312 6/4.94/73.3/4.27 : 
5 x3, X# |10.97|150.0|3.69|44.8|3.35|35.8) 1.81 6 X34XF |15.00)334.7/4 72/88.1/3.80 
5 X32X¥ |11.35/151.5 3.65]45.2/3.35/35.9 1.78 
5 X32 Xqs|12.31/157.1/3.57149.6/3.17|42.0|1.85|16 4 |6 X32 X# |14.84) 382.5/5.09/79.5|/4.81 . 
6 X32X# |12.09|158.4|3.62/50.2|3.16|60.6|2.24 6 X32 X ze 15.94'399.0]5.03/87.5/4.55 
6 X32 Xe 13-19] 164.3|3.52|55.0|2.99|70.6|2.31 6 X32XF |17.00/412.414.92195.514.32 ; 
6 X4 X16 13-61 164.4/3.48|54.8|3.00]70.6|2.28 6X4 X¥F 17.50) 412.1 4.85/95.6)4.31 r 
Note: Section modulus, Sa, is given for top fiber. ; : 
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TABLE 78. 


PROPERTIES OF Top CHORD SECTIONS. 


Properties of B 
singe Asated E e Short Legs Against 
and Plate, and Turned Out. 
One Cover Plate. Edges of Angles Flush 
Angles Turned Out. 5 with Edges of Plate. 
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TABLE 79. 
PROPERTIES OF Top CHORD SECTIONS. 


ee 
} ie 
Properties of : + Short Legs Against 
Two aie: AL ae ial Plate, Be SAD, 
One oe Plate. : | ele ea Lee 
Angles Turned In, H with Edges of Plate. 
|B 
Series Series I. Series 2. 
ee ; Axis A-A. Axis B-B ; Axis A-A. ‘Axis B-B. 
g 3 g 2g |e ea3] v | es Sa g g ga |s¢ aa3|. 3 | es Sa 
| 2 |g | #5 |22828| 2) fe\23| 2 | a | PelZe|se| | 28] Ba 
| = |Z) 22 /selgee 2 | Seige) = | 2 | E2selgse) 2 | 24/3 
6 g | Ay [ao Pag) o | 3] ad 8 & / Ag /eG/"S8) 6 | #3] Ao 
iS an ———- a a sos 
2g A I, Ta Sa € Ig _TB_ A Ta Ta Sa (= Ip Tz 
In. In, In? | In# | In. |-In.8 | In. } In | In In In? | Iné | In. | In? | In. | Int) Tn 
8xt 3X23X4 4.62} 3.6 jo.88] 5.1] .46| 41.4/2.99 3X25X5 5-84] 4.9] .9r| 5-8] .59{ 54.3] 3-05 
4x3 xt | 5.38] 7.9 |1.21| 8.1] .73] 49-4/3:03 [4x3 xg | 6.96] 10.8/1.25| 9.6] .88]| 66.0) 3.08 
8x5 3x2ixi | 5.12] 3.9 |0.87| 5.6] .39| 44.0]2.93 |3x24x2 | 6.34] 5.3] .o1| 6.4] .52]| 57.0] 3.00 
© I4x3 xk | 5.88]. .8.4 |1.20] 8.7] .65| 52.1/2.98 |4x3 x8 | 7-46] 11.4|1.24] 10.3] .80| 68:6) 3.03 
roxd |3x23xt | 5.12} 3.8 |o.86] 5.8] .41| 71-7/3.7413x23x¢ | 6.34] 5.2) .90; 6.6] .53 | 93.6/3.84 
« I4x3 xi | 5.88] 8.4 |1.19| 9.2] .66] 85.0)3.80}4x3 x | 7.46) 11.3/1.23 | 10.6] .81 |113.0] 3.89 
: §x32Xq5| 7-62) 18.1 |1.54 | 14.1 |1.03 |114.9]3.88 |5x33x75| 9.56] 23.5]1-57 | 16.5 |I-17 |147-9] 3-93 
* l6x4 x | 9.72| 34.9 |1.89 | 21.01.41 |149.6/3.92 |6x4 x} |12.00) 43.7|I.91 | 24.3 |1-55 |186.1] 3.94 
10x35|3x23x} | 5.74] 4.1 |0.83] 6.2] .33| 76.913.66 13x23x? | 6.96] 5.6] .90| 7-3} .46| 98.8] 3.76 
4x3 xt | 6.50] 8.8 |1.16| 10.0} .57] 90.2/3.72 [4x3 xg | 8.08] 12.01.22] 11.5 | .73 |118.2| 3.82 
© Jexzhx35| 8.24] 19.2 1.53] 15.5] -93 |120.1|3.82 |5x3gX76|10.18] 24.7/1.56| 17.8 |1.08 |153.2| 3.88 
“ l6x4 x |10.34| 36.7 |1.88| 22.6 |1.31 |154-9|3.87 |6x4. xz |12.62| 45.6|1.90| 25.8 |1.46 |191.3| 3.89 
tox? |3x23xi | 6.37] 4.2 jo.81| 6.6] .26| 82.1/3.59|3x23x$ | 7.59] 5.9] .88|-7-7] .39 |104.0} 3.70 
% 4x3 xi | 7.13] 9.3 |1.14| 10.6] .49| 95-4/3.66 |4x3 x8 | 8.71] 12.6|1.20| 12.2] .66 |123.4| 3.76 
§x34x3%| 8.87] 22.0 |1.50| 16.5 | .84|125.4/3.76 |5x3$x76|10.81| 25.9|1.54 | 18.8 |1.00 |158.4) 3.83 
“ 6x4 x$ |10.97| 38.2 |1.87| 24.0 |1.21 |160.0/3.82 |6x4. x3 |13.25] 47.51.89 | 27-3 |1-37 |196.5] 3-85 
12x} xi | 6.38] 8.6 |1.16| 10.2] .60|132.3]4.55 |4x3 x3 | 7.96] 11.7|1.21| 11.7| .75 |175.0) 4.69 
© loxgix5| 8.12) 18.8 |1.52| 15.5 | .96|177-8/4.68 |5x34x7%|10.06| 24.3|1.56| 17.9 |1.11 |228.4| 4.76’ 
“ l6x4 x |10.22] 36.0 |1.88 | 22.8 |1.33 |230.6/4.76 |6x4 x} |12.50| 45.0|1.90| 26.0|1.48 |287.0) 4.79 
12x15 4x3 Xd 7-13] 9-1 |1-13 | IEE] 51 |141.3/4.45 [4x3 x5 8.71] 12.4/1.19| 12.7| .66 |184.0} 4.60 
5x33x7%5| 8.87] 19.8 |1.49] 17-1 | .85 |186.8|4.59 |5x34x76|10.81| 25.6/1.54 | 19.4 |1-01 |237.6} 4.69 
“ 6x4 x? |10.97| 37.9 |1.86| 24.8 |1.22 |239.6|4.67 [6x4 x3 |13.25| 47.2|1.89 | 27.9 |1.38 |296.0] 4.73 
12x |4x3 xt | 7.88] 9.5 |1.10/ 11.9] .43 |150.3|4.37 |4x3 x$ | 9.46] 13.1/1.18| 13.8] .58 |193.0) 4.52 
© ex3tx35| 9.62] 20.8 |1.47| 18.4] .76.|195.8/4.51 |5x34X75| 11.56] 26.9|1.53 | 20.7| .92 |246.6) 4.62 
“ 6x4 x |11.72] 39.6 11.84 | 26.4 |1.12 |248.6|4.61 J6x4. x3 |14.00] 49.2|1.87 | 29.6 |1.29 |305.0] 4.67 
14xt |4x3 xh | 6.88] 8.8 |1.13 | 11.0] .55 |192.4|5.29 14x3 x | 8.46] 12.0)1.19] 12.7] .70 252.9) 5.47 
“ I5x34x7%5| 8.62] 19.3 |1.50| 17.0] .89 |257.0|5.46 |5x34x7%|10.56| 25.0/1.54 | 19.2 |1.05 |328.9] 5.58 |. 
“ l6x4 x2 |10.72| 37.1 |1.86| 24.4 |1.27 |332.2|5.56 [6x4 x4 |13.00] 46.2|1.88 | 27.7 |1.42 |412.9| 5.63 
14X16 4X3 Xd 7.781 9.3 |1-I1| 12.3| .45 |206.7|5.16 |4x3 x2 | 9.33] 12.8/1.17| 13.9| .61 |267.2| 5.34 
§x34X1%5| 9-49] 20.4 |1.47| 18.7] «78 |27%.3|5.34 |5x32X76|11-43| 26.4/1.52 | 20.9] .95 1343-1) 5.48 
“ 6x4 x$ |11.59| 39.0 |1.83 | 26.7 |1.15 |346.4/5.46 16x4. x4 |13.87| 48.6)1.87 | 30.0 |1.31 |427.2) 5.54 
14x$ 4X3, Xt 8.63] 9.9 |1.07| 13.1 | +37 |221.0]5.06 [4x3 x [10.21] 13.5|1.15 | 14.8] .53 |281.5| 5.25 
5x34Xxq%5|10.37| 21.4 |1.44| 20.2] .69 |285.5|5.24 [5x39xX76|12-31| 27.6/1.50| 22.4] .86 |357-4| 5.39 
 16x4 x$ |12.47] 40.8 |1.81.| 28.9 |1.04 |360.6/5.38 J6x4 xz |14.75| 50 8)1.85 | 32.0 |1.22 1441.4) 5.47 
(8x6 xq'5/17-11|103.7 |2.46 | 51.6 |1.64 |489.7/5.35 8x6 xz%@|20.37|126.7|2.49 | 58 1 |1.81.|591.2) 5.40 
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TABLE 80. 


PROPERTIES OF Top CHORD SECTIONS. 


Properties of 
Two Angles, 
One Web Plate 
and One Cover Plate. 
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TABLE 81. 


PROPERTIES OF Top CHORD SECTIONS. 


Properties of Angle Legs Turned Out. 
Two Angles, wae is Edges of Angles Flush 
Two Web Plates with Edges of Top Plate. 

and Web Plates }” Below 
One Cover Plate. Backs of Angles. 
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TABLE 82. 


PROPERTIES OF Top CHORD SECTIONS. 
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TABLE 82.—Continued. 
PROPERTIES OF Tor CHORD SECTIONS. 


Properties 
o! 
Top Chord Sections. 


Eccen- 
tricity. 


Moments of 
Inertia. 


Two Channels 
and 
One Plate. 


Radii of Gyra- 
tion. 


Axis 
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B-B, 
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TABLE 82.—Continued. 
PROPERTIES OF ToP CHORD SECTIONS. 


Two Channels 


Saas 
ol 
Top Chord Sections. 


U8 aaa 


La Chan- Eccen- Web 
Sec- : ; | Cover | pels; | Total | tricity.| axis | Axis | Axis | Axis Ghan-|cf | Max 
f eee | AcA.,| B-B: PSE) nels. | CHAP Rivet. 
I, Ip Ta Tp 4 h 
Tas | eb: In. In. In? In. In-4 In In. In. In. In. In. In. 
79 | 12 |20.50 16X§ 98 18.06 | 2.06 | 409.8] 485.8] 4-76 | 5-19 | 13 123 | .28 3 
80 16X76 19.06 | 2.28 | 427.6] 507.1| 4-74 eqn S “ ; 
81 18X% | 113 | 18.91 | 2.21 | 422.4] 682.1) 4-73 6.00 | 15 fs y e 
82 18Xq5| “ | 19.94 | 2-46 | 440.6] 712.4) 4-70 asst ¢ . 4 
83 20X75 138 20.81 | 2.62 | 452.5| 957-5| 4-66 | 6.78 17 : i 
84 20X3 22.06 | 2.83 | 469.8| 999-1| 4-61 6.73 : ge 
85 | 12 |25.00 16X¢ Qt 20.70 | 1.79 | 451-4] 550.0] 4-67 5.16 | 13 | 1g | -39 8 
86 16X te , | 24-70 | 2-0 473.5 | 573.3! 4.66 | 5-13 | © ut e z 
87 18X 5 IIE | 21.45 | 1.95 465.1| 774.9| 4-66 | 6.01 | 15 on ES 
88 1i8Xi5 : 22.58 | 2.17 | 486.5 | 805.2| 4-64 BOS. ee: s Y 
89 20X76 134 23.45 | 2.32 | 500.3 |4084.7 4.62 | 6.80 | 17 v . 
go 20XF 24.70 | 2.53 | 520.5 |1126.3| 4.59 Gene 3 er 
gt | 12 |30.00|16X$ 9 23.64 | 1.57 | 494.9| 611.4] 4.58 5.08 | 1 |.2. 11-53 3 
92 160Xqs 24.64 | 1.77 | 517.3| 632.7) 4-58 5.06 ; * 2 
93 8X3 II | 24.39 1.71 | 510.1] 865.7) 4.57 5.96 15 i ‘ . 
94 18X65 26.52 | 1.92 | 534.1| 896.0] 4.58 | 5-93 7 ‘ x ig 
95 20X76 13 26.39 | 2.06 | 549.8 |121I.1 4.56 | 6.78 | 17 : ‘; ‘ 
96 20X32 27.64 | 2.34 | 567.6 |1252.7| 4-53 CoS s 
97 | 15 |33.00|18X% | 108 26.55 | 1.96 | 922.8] 936-7| 5-90 | 5-94 | 15 28; | .40 | @ 
98 18Xq%| “ | 27.68 | 2.20 | 961.0] 967.0} 5-89 | 5.91 cs - ‘ “ 
99 20X16 128 28.55 | 2.36 | 986.7 |1307-1| 5.88 6:76 | 17 i" . . 
100 20Xz 3 29.80 | 2.60 |1024.5 |1348.7 5286 | 6.72 | © . a ss 
IOI 22X79 145 30.80 | 2.77 |1050.2 !1761.1 5.84 | 7-56 19 ‘ : s, 
102 22Xi6 32.18 | 3.00 |1085.5 1816.5| 5.81 | 7-50 . : 
103 | 15 |35.00|18X§ | Tos | 27.33 | 1-90 | 940.5 965:7| 5-87 | 5-95 | 15 | 246 | -43 5 
104 18X16 : 28.46 | 2.14 | 979-7] 996.0) 5.87 | 5-92 rd - - 
105 20X76] 12% | 29-33 2.30 |1005.6 |1346.7| 5.86 6.78 | 17 . A i 
106 20X34 zi 30.58 | 2.53 |1044.4 |1388.3 | 5-84 6.74 % < : 
107 22X9, 145 31.58 | 2.70 |1070.8 |1811.7 5.82 | 7.58 19 4 Ss i 
108 . 22Xi6 32.96 | 2.92 |1107.9 1867.1| 5.79 | 7-52 
tog | 15 |40.00|18X# 108 30.27 | 1.71. |1005.1 |1039.3 5.76 | 5.86 15 216 52 5 
110 18X16 : 31.40 | 1.94 |1047.0 1069.6| 5.77 | 5-84 | “ : ss i 
Til 20X76 125 32.27 | 2.09 |1074.8|1453-5 | 5-77 6.71 17 4 a a 
Liz). 20X2 y 33-52 | 2.31 |1116.7|1495-1| 5-77 6.68 ) . * 
113 22X72, 145 | 34-52 2.47 \1145-4 |1956.5 5-76 : 
114 22Xi6 35-90 | 2.68 |1186.2 |2011.9| 5-75 
11g | 15 |45.00|18X# 10% 33-23 | 1.56 |1068.2 |1127.9 5.67 
116 18Xqs 34.36 | 1.77 |1112.0 |1158.2 5.69 
117 20Xq5| 12% | 35.23 | 1-92 |1141-9 |1577-3 5.69 
118 20X4 | “ | 36.48 | 2.12 |1186.4 1618.9| 5.70 
2120.7| 5.70 
2176.1 | 5.70 
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TABLE 83. 


PROPERTIES OF Top CHorD SECTIONS. 


Properties of Four Angles 
Highway Bridge and 
Top Chord Sections. Three Plates. 


Moments of | Radii of Gyra- 


Plates. Angles. cine Inertia. tion. 
Seen ip Gros AS tricity | Asis | Axia: | ASE a 
Number. Web. Cover. Top. Bottom. ArAy|-B=B oA ae 

A e I, Ip Ta Tp 
Inches. Inches. Inches. Inches. Inches?. | Inches. |Inches‘.|Inches*.| Inches. | Inches. 

12” X 14” Section. A Series. 

ag 12g” 14! 5” 23X23X 75 23X23x35 ie 1.66 359 351 ie 4-65 
2 16 f - E77 152 | 381 | 37 4.63 | 4.61 
3 a a 2p < 19.26 | 1.40 | 402 | 404 | 4.57 | 4.58 
4 eG 2 a fe 20.76 | 1.30 | 423 | 429 | 4.52 | 4.55 
5 pate & re 22.26 || 1.21 | 443 | 453 | 4.46, |) gene 
6 morte 4 2 23.76 | 1.14 | 463 | 476 | Zar | 448 
7 et s = Kis 25.26 | 1.07 | 483 | 498 | 4.37 | 4.44 
=3 rand) 14x16 29X25x3% | 23x24x3 sore 1.45 | 384 | 367 | 4.78 407 
9 16 > é 18.30 | 1.33 | 405 | 394 | 4.70 | 4.63 
$e) sae 3 4 st 19.80 | 1.23 | 425 | 420 | 4.63 | 4.60 
II . 16 ‘ 7s i 21.30° | 1.14 | 445 | 445 | 4.57 | 4.57 
12 So 2 3 cs 22.80 | 1.07 | 465 | 469 | 4.52 | 4.54 
13 ae 36 . ee a 24.30 | 1.00 | 485 | 492 | 4.47 | 4.50 
14 3 pe F is 25.80 | 0.94 | 504 | 514 | 4.42 | 4.47 
"15 12x p's 23X23X75 23X24xq5 nse 1.25 405 | 383 | 4.83 +7 

I 16 s 18.82 I.I 425. eat | Ago ean 
17 * 3 a ss 20.32 | 1.06 | 445 | 436 | 4.68 | 4.63 
18 ANG . fe se 21.82 | 0.99 | 465 | 461 | 4.61 | 4.59 
19 ie zs = : 23.32 | 0.93 | 484 | 485 | 4.55 | 4.56 
20 as be ns WY 24.82 | 0.87 | 503 | 508 | 4.50 | 4.52 
21 Het 3 = cs se 26.32 | 0.82 | 522 | 530 | 4.46 | 4.49 
*22 12xq 14xz5 | 23x24x35; | 24x2}x} 17 82 1.07 | 425 | 398 | 4.88 473 
23 16 . § ¥ 19.32 | 0.99 | 444 | 425 | 479 | 469 
24 ss 3 cd us es 20.82 | 0.92 | 463 | 451 | 4.71 | 4.65 
25 ote . e 6 22.32 | 0.86 | 483 | 476 | 4.65 | 4.62 
26 ae = ‘ es 23.82 | 0.80] 502 | 500 | 4.59 | 4.58 
27 ite Fs f y 25-32 | 0.75 | 521 | 523 | 4.54 | 4.55 
28 a § 4 ac ss 26.82 | 0.71 | 540 | 545 | 4.49 | 4.57 
*29 12xq 14xi6 25x23x35, 23X23X76 1838 a3 Af 414 He pe 
30 is se ¥ 19.82 0.84 | 461 | 441 | 4.82 | 4.71 
31 “ A 5 3 21.32 | 0.78 | 480 | 467 | 4.74 | 468 
32 care se i 22.82 | 0.73 | 499 | 492 | 4.67 | 4.64 
33 oe % = us 24.32 | 0.68 | 518 | 516 | 4.61 | 4.60 
34 16 < ‘ i 25.82 | 0.64 | 536 | 539 | 4.56 | 4.56 
35 3 27.32 | 0.61 | 555 | 56x | 4.cr | 4.53 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 83.—Continued. 
PROPERTIES OF Top CHORD SECTIONS. 


Properties of 
Highway Bridge 
Top Chord Sections. 


Four Angles 
and 
Three Plates. 


Radii of Gyra- 

Plates. Angles. iy Inertia aa. ia 

— Gross Area.) ~CCeD- : 

ations tricity.| Axis | Axis | Axis | Axis 
Number. Web. Cover. Top. Bottom. Ash. | B-Beah AA eee 

A e Ta Ip tA TB 
Inches. Inches. Inches. Inches. Inches®. | Inches. |Inches*.|Inches‘.| Inches. Inches. 

i2 X14" Section. B Series. 

*36 12x 14X16 23X29X16 gx29Xi6 16.58 1.52 | 377 | 368 | 4-77 | 4-2} 
37 ae 4 “4 " 18.08 | 1.39 | 398 | 395 | 4.69 | 4-67 
38 ae ie - 19.58 1.28 | 419 | 421 | 4.62 4.64 
39 % 16 :. "7 Z 21.08 1.19 | 439 | 446 | 4.56 4.60 
40 oN 4 s ss 22.58 T1n || 459. | 470 |) 4-51 4.56 
41 ae a - 24.08 | 1.04 | 479 | 493 | 4-46 | 4-52 
42 3 25.58 | 0.98 | 498 | 515 | 4-41 | 4-49 
*43 12X4 14xys | 22%22%76 gx2hx} | 17-18 | 1.29 | 403 387 | 4.84 | 4-74 
44 % 16 . 4 18.68 1.18 | 423 | 414 | 4.76 | 4.70 
45 ie . 2 % 20.18 | 1.09 | 443 | 440 | 4-69 | 4-67 
46 4 16 7 . . 21.68 1.02 | 463 | 465 | 4.62 | 4.63 
47 a ., id 23.18 | 0.95 | 482 | 489 | 4-56 | 4-59 
48 a} 24.68 | 0.90 | 501 siz | 4.51 | 4.55 
49 oo : S Ge 26.18 0.85 | 520 | 534 | 4-46 | 4-51 
*50 12xk 14X16 25X23X16 3X29X76 17.76 1.07 | 427 | 406 | 4.90 | 4-78 
51 “16 4 " 19.26 0.99 | 446 | 433 | 4.81 |~4-74 
52 ak A é 20.76 | 0.92 | 465 | 459 | 4-73 | 4-70 
ing is 22.26 0.86 | 485 | 484 | 4.67 4.66 
54 cook a oY s 23.76 | 0.80 | 504 | 508 4.60 | 4.62 
55 “16 is 4 . 25.26 | 0.75 | 523 | 53% | 4.55 | 4-58 
56 $ 26.76 | 0.71.| 54% | 553 | 4:50 | 4-54 
ly | 12x$ 14x16 aix2ixd; | 3x29Xx2 18.32 | 0.88 | 447 | 424 | 4-94 4.81 
58 _ ts . _ 19.82 | 0.82 | 466 | 451 | 4-85 | 4-77 
59 ee A i 21.32 | 0.76 | 485 | 477 | 4-77 | 4-73 
60 is 22.82 0.71 | 504 | 502 | 4-70 4.69 
61 ae ee ss 24.32 0.67 | 522 | 526 | 4.63 4.65 
62 , 16 : ‘ 26.82 | 0.63 | 541 | 549 | 4-57 4.61 
63 $ 27.32 | 0.59 | 560 | 571 | 4-52 | 4-57 
*64 12xh I X16 24x24bx75 3X23X16 18.88 0.71 | 466 | 443 | 4-97 4.84 
65 ¥ a6 : i - 20.38 0.66 | 485 | 470 | 4.88 | 4.80 
66 4 ig : : ; 21.88 0.61 | 504 | 496 | 4.80 4.76 
67 ‘ 16 : : : 23.38 | 0.57 | 522 | 521 | 4-73 | 4-72 
68 th ss 24.88 | 0.54 | 542 | 545 4.66 | 4.68 
69 Ce is 2 & 26.38 ost | 559 | 568 | 4.60 4.64. 
70 aoa . ue es 27.88 | 0.48 | 578 | 590 | 4:55 4.60 


* Spacing’ of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 83.—Continued. 
PROPERTIES OF Tor CHorD SECTIONS. 


Properties of 2 Four Angles 
Highway Bridge = - me c and 
Top Chord Sections. Three Plates, 


Moments of | Radii of Gyra- 
Angles. | Inertia. tion. 

= Gross Area,| Eccen- * 
Bees tricity. | Axis i Axis | Axis 
Number. 5 F Bottom. ee 3 on Bees 
A e 1B TB 


Inches. ‘| Inches. Inches. | Inches. |Inches*. . | Inches. 


14” X 16” Section. A Series. 


3x3X76 | 3x3x55 20.12 2.14 | 606 : eo 

. ue 21.87 1.97 | 641 : 5-17 
23.62 1.82 | 677. | 6 5 Tay te) 
25.37 1.70 | 7II : 5.10 
272 1.59 | 744 ‘ 5.06 
28.87 E49 |) 777 5 5.02 
30.62 1.41 | 808 6. 4.99 


20.78 1.88 | 648 : 5-24 
22.53 1.73 | 683 | 609 5-20 
24.28 1.61 | 716 : 5.16 
26.03 1.50 | 749 fet) 
27.78 1.41 | 781 5.09 
29.53 1.32 | 813 5.06 
31.28 1.25 5.04 


21.44 1.64 5.200) 
23.19 G2 5.22 

24.94 1.41 5.18 

26.69 1.32 5-15 . 
28.44 | 1.24 5.11 
30.19 1.07. 5.08 
31.94 1.10 5.04 


22.06 1.43 5.29 
23.81 1.32 5.25 
25.56 123 5.21 
27.31 I.15 5.18 
29.06 1.08 5-14 
30.81 1.02 510 
32.56 0.97 5.07 | 
22.68 17:22 3% 
24.43 1.14 5.27 
26.18 1.07 5.24 . 
27.93 1.00 5.20 ; 
29.68 0.94 5.16 
31-43 0.89 5.12 . 
33.18 0 84 5.09 
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TABLE 83.—Continued. 


PROPERTIES OF Top CHORD SECTIONS. 


Properties of Four Angles 
Highway Bridge and 
Top Chord Sections. Three Plates. 


Moments of Radii of Gyra- 
Inertia. tion. 
Gross Area.| Bccen- 

Section & : tricity.| Axis | Axis Axis 
Number. Web Cover. Top. Bottom. Ark. | BBL) Age a 

: A e Ta IB TA TB 
Inches. Inches. Inches. Inches. Inches?. | Inches.|Inches‘.|Inches*.| Inches. Inches 

*106 I4xt 16x$ 3X3Xa5 3X3X8 23.28 1.05 | 784 | 665 | 5.80 | 5.34 
*I07 “ S « fe ee 25.03 0.98 | 814 | 704 | 5-79 | 5-30 
108 ig ee scat 26.78 0.92 | 844 | 742 | 5-62 5.26 
109 eas 3 a & 28.63 | 0.86 | 875 | 779 | 5-53 | 5-22 
110 hee sf is fe 30.28 | 0.81 | 904 | 815 | 5-46 | 5-19 
It “ Te e : 4 32.03 | 0.76 | 934 | 850 | 5.39 | 5-15 
112 Me z a ee 33.78 | 0.73 | 963 | 884 | 5.34 | 5-12. 

14” X 16” Section. B Series. 

SEES 14x} 16x} 3x3x¢5 | 4X3Xi5 20.74 1.87 | 654 | 590 | 5-62 | 5-33 

*114 te e <s se 22.49 1.72 | 689 | 629 | 5-53 | 5-2 
115 ik y id : 24.24, 1.60 | 722 | 667 | 5.46 | 5.24 
116 is vf % 26.99 | 1.49 | 755 | 704 | 5-39 | 5-20 
117 ef Ke ‘& os 27.74 1.40 | 788 | 740 | 5.33 5.16 
118 © Fs vid ce cs 29.49 1.32 | 819 | 775 | 527 | 5 12 
119 ese - & ce 31.24 | 1.24 | 851 | 809 | 5.22 5.08 
*120 14x} 16x$ 3X3Xa65 4X3X$ by A) 1.57 | 704 | 624 | 5-72 5.38 
AT21 Serie: ss & es 2B 27 1.46 | 736 | 663 | 5.62 | 5.34 
122 oa ss i 25.02 136 | 768 | 701 | 5-54 | 5-29 
123 eR a 8 ss 26.77 127 | 800 | 738 | 5-46 | 5-25 
124. ae S % i 28.52 | m09 || 832 |, 774 | 5:49 | 5-20 
125 “> =f a =e 30.27 112 | 862 | 809 | 534 | 5-17 
126 cee ee of < 32.02 1.06 | 892 | 843 | 5.28 | 5-13 
eo, 14x} 16x3 3x3xe5 | 4X3X16 22.30 1.31 | 748 | 658 | 5-79 | 5-43 
*128 ete 2 mf a 24.05 1.21 | 780 | 697 | 5.69 | 5-38 
129 ets ss oe 25.80 1.13 | 810 | 735 | 5-60 | 5.33 
130 ie g i 27.55 1.06 | 841 | 772 | 5-52 | 5 29 
131 om . “3 we 29.30 1.00 | 872 | 808 | 5.45 | 5.25 
132 6 5 a ee rf 31.05 0.94 | 902 | 843 | 538 | 5-21 
133 ee o fs ~ 32.80 | 089 | 932 | 877 | 5-33 | 5-17 
*134 14x} 16x3 3x3Xz5 4X34 23.06 1.08 | 787 | 690 | 5-84 | 5-47 
Brae i Se ss rs a 24.81 1.00 | 817 | 729 | 5-73 | 5-42 
136 ae Wi ne U2 26.56 0.93 | 848 | 767 | 5-65 | 5-37 
137 te - 5 e 28 31 0.88 | 877 | 804 | 556 | 5-32 
138 ee, re es ee 30.06 0.83 | 907 | 840 | 5-49 | 5-28 
139 ae 3 wv fe 31.81 | 0.78 | 938 | 875 |. 5-42 | 5-24 
140 Hig ¥ i 8 33.56 | 0.74 | 967 | 909 | 5-37 | 5.20 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 83.—Continued. 


PROPERTIES OF Top CHORD SECTIONS. 


Properties of Al H A Four Angles 
Highway Bridge a gee a | kage | eerie and 
Top Chord Sections d Three Plates 
i 2 
a we 


Plates. Angles, | - eee Rat oe 
Gross Area,| /Ccen- - : : : 

Number. Web. Cover. Top. Bottom. Sra as o-3 
A e I, Ip TA TB 

Inches, Inches Inches. Inches. Inches®. | Inches. | Inches‘. | Inches‘.| Inches. | Inches. 

S141 14x 16x5 3X3X16 4x3X76 23-80 | 0.85 | 824 | 724 | 5.88 | 5.51 
142 ae , i * 25-55 | 9.79 | 853 | 763 | 5.77 | 5.47 
143 Bs - y ¥ 27.30 0.74 | 883 | 801 | 5.68 | 5.42 
144 : 16 : 74 29.05 0.69 | 913, | 838 | 5.60 | 5.37 
145 ‘4 ee 3 30.80 0.65 | 942 |. 874 | 5.52 | 5.32 
146 E 16 . 4 % 32.55 0.62 | 971 | 909 | 5.46 | 5.28 
147 8 34-30 | 0.59 | 1000 | 943 | 5.40 | 5.24 

1148 14xh 16x5 3X3X16 433X5 24.52 0.65 | 856 | 756 | 5.91 | 5.55 
149 Lae x 2 * 26.27 0.61 | 884 | 795 |-5.80 | 5.50 
150 a 2 4 2 28.02 0.57 | 914 833 5-72 bees 
ISI 28 is E 29.77 0.54 | 942 | 870 | 5.62 | 5.41 
152 La, e y i 31.52 0.51 | 972 | 906 | 5.55 | 5.36 
153 78 a fe é 33.27 0.48 | Toor | 941 | 5.48 | 5.32 
154 $ 35.02 0.46 |1030 | 975 | 5.42 | 5.28 

Section. 

3155 14 xg 17X5 3X3X16 4x3X16 21.12 1.96 | 665 | 704,;| 5.6% | 5.77 
156 ae i i‘ e 22.87 1.82 | 699 | 751 | 5.52 || 5.73 
157 i 3 * * if 24.62 | 1.69 | 734 | 797 | 5.45 | 5.68 
158 6 26.37 | 1.57 | 767 | 842 | 5.39 | 5.65 
159 es | ‘ee oe 28.12 1.47 | 800 | 886 | 5.33 | 5.61 

“ 9 “ce “ “ce 
160 me Ss ‘i 29.87 1.39 | 833 929 | 5.28 |- 5.57 
161 $ 31.62 1.31 | 864 | 971 | 5.22 | 5.54 

162 14x I7x$ 3X3X16 4X3X8 21.90 1:67 9705 4|\ 743 “ip ye eee, 
163 ee . ie : 23.65 | 1.55 | 748 | 790 | 5.62 | 5.77 
164 eo 4 * ¥ 25.40 | 1.44 | 780 | 836 | 5.54 | 5.73 
165 ie 27.15 1.35 | 813 | 881 | 5.47 | 5.69 
166 “i sf Se eS 28.90 1.27 | 845 | 925 | 5.41 | 5.65 
167 ‘. 16 ‘ ¥ * 30:65 1.19 | 875 | 968 | 5.35 | 5.62 
168 ot 32.40 1.13 | 907 | 1010 | 5.29 | 5.58 

*169 14xh 17X$ 3X3X16 4x3X16 22.68 1.40 || 761) 78r | 5:79 |\e86 
170 Ne : z 4 24.43 1.30 | 792] 828 | 5.69 | 5.82 
171 Le : # F 26.18 1.22 824 | 874 | 5.60 | 5.77 
172 es a # g 27-93 | 1.14 | 855 | 919 | 5.53 | 5.73 
173 : 2 A 4 z 29.68 1.07 886 | 963 | 5.46 | 5.69 
174 “16 x # 4 31.43 IOI | 917 | 1006 | 5.40 | 5.65 
175 3 33-18 0.96 | 946 | 1048 | 5.34 | 5.64 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 83.—Continued. 


PROPERTIES OF Top CHORD SECTIONS. 


Properties of 
Highway Bridge 
Top Chord Sections. 


Four Angles 
and 
Three Plates. 


Section A-A BE. rer ay 
Number. Web. Cover. Top. Bottom. |= : 3 a oe 
A Ip TA Tz 

Inches. Inches. Inches. Inches. Inches?. | Inches. |Inches‘.|Inches‘.| Inches. | Inches. 

*176 I4Xz 17X$ 3x3x¢5 | 4x3x% 23.44 | 1.17 | 801 | 819 | 5.84 | 5-90 
eh ly “ts 3s es Ee 25.19 1.09 | 832 | 866 | 5.75 | 5-86 
178 cae re ce ee 26.94 1.02 | 862] 912 | 5.66 | 5.82 
179 nts é ss x 28.69 | 0.96 | 893 | .957 | 5-58 | 5-78 
180 as se fe ef 30.44 0.90 | 923 | IOOL | 5.51 | 5-74 
181 685 a cf fe 32.19 | 0.85 | 953 | 1044 | 5-44 | 5-70 
182 cone sf ss ee 33.94 | 0.81 | 983 | 1086 | 5.38 5.66 
*183 14x} 17x$ 3x3xe5 | 4x3x% | 24.18 | 0.94 | 839 | 858 | 5.89 | 5.95 
*184 are ss rs «| 25.93 | 0.88 | 869 | 905 | 5-79 | 5-90 
185 ane, Es ee fs 27.68 | 0.82 |. 898 | 951 | 5.69 5.86 
186 “a, “a de ee 29.43 0.77 | 928 | 996} 5.61 | 5.82 
187 oat s ¥ ie 31.18 | 0.73 | 958 | 1040 | 5-54 | 5-77 
188 “ 6 ¥ % Fi 32.93 | 0.69 | 987 | 1083 | 5-47 | 5-73 
189 ars s ce es 34.68 0.66 | 1017 | 1125 | 5.41 | 5-69 
190 Dry oP Be re 36.43 0.63 | 1046 | 1166 | 5.35 | 5.65 
*IQ1 14x} 17X8 4x3x85 | 4x3x$ | 2490 | 0.75 | 871 | 895 | 5-91 | 5.99 
*I92 ee: Ng Ss ee 26.65 0.70 | gor | 942 | 5-81 | 5-94 
193 O08 of cS & 28.40 0.66 | 930| 988 | 5-72 | 5.89 
194 - a6 e: e yi 30.15 | 0.62, | 959 | 1033 | 5-64 | 5-85 
195 se s sf 2 31.90 0.59 | 988 | 1077 | 5.56 | 5.81 
196 “3 oe ¥ pe 33.65 0.56 | 1018 | 1120 | 5.50 | 5-77 
197 ae bs % s 35.40 | 0.53 | 1047 | 1162 | 5.44 | 5-73 
198 ‘at a ee Re 37.15 0.50 | 1076 | 1203 | 5.38 | 5-69 
199 exe 4 ie ty 38.90 | 0.48 | 1105 | 1243 | 5-33 | 5-65 
*200 T4xk | 17x85 3x3xz | 4x3xd$ | 25.62 | 0.57 | 903.) 931 | 5.94 6.03 
*201 ag - ¥ es 27.37 | 0.53 | 931 | 978 | 5-84 | 5-98 
202 a s ce ce 29.12 | 0.50 | 961 | 1024 | 5.75 | 5-93 
203 os oe cs ae 30.87 | 0.47 | 990 | 1069 5.66 | 5.88 
204 oy SS re . 32.62 0.45 | ror8 | 1113 | 5-59 | 5-84 
205° “> 4 ee ee 34.37 | 0.42 | 1048 | 1156 | 5.53 5.80 
206 ae 9 ¥ ss 36.12 0.40 | 1076 | 1198 | 5.46 5.76 
207 «i ae ce 4 37.87 | 0.38 | 1105 | 1239 | 5-40 | 5-72 
208 ae oe 4 es 39.62 0.37 | 1135 | 1279 | 5-35 | 5-68 


* Spacing of rivet lines of web greater than 30 & thickness of plate. 
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TABLE 83.—Continued. 


PROPERTIES OF Top CHORD SECTIONS. 
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* Spacing of rivet lines of web greater than 30 X thickness of plate. 


sae Angles, ea | 
Gross Area. Bone: 
Section MEY juste. | Asie | doe ae 
Number. Web. Cover. Top. Bottom. Arh. | BeBe | eee 
A e Ta Ip Ta TB 
Inches. | Inches, Inches. Inches. Inches?._ | Inches.|Inches‘.|Inches!. Inches. | Inches. 
15” X 17” Section. 
— 15x15 17x$ 3X3X16 4x3X76 23-50 ee : a es — ei 
3 25.3 Le 2 ; : 
211 Sood is e ¥ 27.26 | 1.63 | 902| 865 | 5.75 | 5.63 
212 bee: u : fe 29.13 | 1.52 | 942} 912] 5.68 | 5.59 
213 aE 3 a $s - 31.00 | 1.43 | 983 | 958 | 5.62 | 5.56 
214 bar; ‘. +5 ce 32.88 | 1.35 | r02x | 1003 | 5.57 | 5.52 
215 ee eA es 34.75 | 1.28 | 105g | 1047 | 5.52 | 5.49 
216 Pays rs % He 36.63 | 1.21 | 1097 | 1090 | 5.47 | 5.46 
md 15x16 17X86. 3X3X165 4235 ee 1.61 fn as — 
3 26.1 T4090) 191 4 i 
219 “ie a KS ce 28.03 | 1.39 | 956| 906] 5.84 | 5.68 
220 Lz v4 . 2 29.91 | 1.31 | 994 | 953 | 5.76 | 5.64 
221 ich i a # 31.78 | 1.23 | 1033 | 999 | 5.70 | 5.60 
222 as 2 ce 33.66 | 1.16 | 1071 | 1044,| 5.64 | 5.57 
223 “36 § 3 ee 35.53 | 1.10 | 1108 | 1088 | 5.58 | 5.54 
224. v@ 4 ‘a ce 37.41 || 1.05 | 1145 | 1131 | 5.53 | 5:50 
me 15x76 17X$ 3x3x%6 | 4x3x16 oe n90 929 845 Be a 
3 26.94 | 1.2 9 9 9 : 
226 Cte - ef ce 28.81 1.18 | 1005 | 944 | 5.90 | 5.72 
227 od y se ss 30.69 | 1.11 | 1042 | 991 | 5.82 | 5.68 
228 “ Te y “ rs 32.66 | 1.04 | 1080 | 1037 | 5.76 | 5.64 
229 a a i. “e 34.44 | 0.99 | 1117 | 1082 | 5.69 | 5.61 
230 sae ¥ % fe 36.31 | 0.94 | 1154 | 1126 | 5.63 | 5.57 
231 ae 4 $ s 38.19 | 0.89 | 1191 | 1169 | 5.58 | 5.53 
*232 15x75 17x§ 3x3xi5 4x3x4 25.82 1.13 | 973 | 883 | 6.14 | 5.84 
*233 “3 iz : ig 27.70 | 1.05 | 1010] 933 | 6.04 | 5.80 
234 oe Z # ¥ 29.57 | 0.99 | 1047 | 982 | 5.95 | 5.76 
235 ie y e ¥ 31.45 | 0.93 | 1084 | 1029 | 5.87 | 5.72 
236 4 4 ¥ 33.32 | 0.88 | 1121 | 1075 | 5.79 | 5.68 
237 ie « S ES 35.20 | 0.83 | 1158 | 1120 | 5.73 | 5.64 
238 “ie % 2 xe 37.07 | 0.79 | 1194 | 1164 | 5.68 | 5.61 
239 er ri 3 - 38:95 | 0.75 | 1230 | 1207 | 5.62 | 5.57 


| 


| 


TABLE 83.—Continued. 


PROPERTIES OF TOP CHORD SECTIONS. 


Four Angles 
an 
Three Plates. 


Properties of 
Highway Bridge 
Top Chord Sections. 


Plates. Angles. Moments of | Radii of Gyra- 
Inertia. tion. 
Gross Area.| Eecen- |— 
tricity. 5 F é r 
Number. Web. Cover. Top. Botton, (|p : : : 
A e Ta Ip TA TB 

Inches. Inches. Inches. Inches. Inches®. | Inches. |Inches‘.|Inches‘.| Inches. Inches. 

*240 1Ski5 17x 3x3x¢5 | 4x3X15 26.56 0.91 | 1016 | 920 | 6.18 | 5.88 
*241 at iB Us “Ors 28.44 | 0.85 | 1052 | 970 | 6.08 | 5.84 
242 Te, e = s 30.31 | 0.80 } 1089 | to1g | 5.99 | 5.80 
243 er i fe a 32.19 | 0.75 | 1125 | 1066 | 5.91 | 5.76 
244 “ ts . € 34.06 | 0.71 | 1161 | 1112 | 5.84 | 5.72 
. 245 oa Wg a es e 35.94 | 0.68 | 1197 | 1157 | 5-77°| 5-68 
246 “is S S 37.81 | 0.64 | 1233 | 1201 | 5-71 | 5-64 
247 aa : ue 39.69 | 0.61 | 1269 | 1244 | 5.65 | 5.60 
*248 15x75 17x35 3X3X75 4X3X$ 27.28 0.72 | 1055 | 959 | 6.22 | 5.92 
*249 volt v4 N ns 29.16 | 0.67 | 1091 | 1009 | 6.12 5.88 
250 eae: s o € 31.03 | 0.63 | 1127 | 1058 | 6.03 | 5.84 
251 “3 ip ve 32.91 | 0.60 | 1162 | 1105 | 5.94 | 5.80 
252 rie Hi us & 34.78 | 0.67 | 1199 | 115% | 5-87.| 5-75 
253 eae ¥ iy 36.66 | 0.54 | 1234 | 1196 | 5-80 | 5.71 
254 tt $ e se 38.53 | 0.51 | 1270 | 1240 | 5-74 | 5.67 
255 ee: S o ‘s 4o.41 | 0.49 | 1305 | 1283 | 5-68 | 5.63 
*256 15xte 17x% 3x3x¢5 | 4X3xi6 28.00 0.64 | 1089 | 995 | 6-24 5.96 
Pony, cog Oak cs ss 29.88 0.51 | 1124 | 1045 | 6.14 | 5-91 
258 “is sc ss « 31.75 | 0.48 | 1160 | 1094 | 6.04 | 5.87 
259 ¥ 4 4 se 33.63 | 0.45 | 1195 | 1141 | 5.96 | 5.82 
260 ae s Me ee 35.50 | 0.43 | 1231 | 1187 | 5-89 | 5-78 
261 3 s - ee 37.38 | 0.41 | 1267 | 1232 | 5-82 | 5-74 
262 “ig 6 zs fe 39.25 | 0.39 | 1302 | 1276 | 5.76 | 5-70 
263 ee us se fe 41.13 | 0.37 | 1337 | 1319 | 5-70 | 5.66 

15s” X 18” Section. 

*264 T5Xt65 18xz5 | 3x3xds | 43X76 25.00 | 2.25 | 872 | 931 | 5-90 6.10 
*265 Pa i: ie 26.88 | 2.09 | 915 | 991 | 5-83 | 6.07 
266 “ae G ce e 28.75 | 1.95 | 958 | 1050 | 5-77 | 6.04 
267 ae) se « | 30.63 | 1.83 | 1000 | 1108 | 5.71 | 6.01 
268 ara a LE a 32.50 | 1.73 | 1042 | 1164 | 5.66 | 5.98 
269 ae x yi: gc 34.38 | 1.64 | 1082 | 1219 | 5.61 | 5.95 
270 iste s se $ 36.25 | 1.55 | 1122 | 1272 | 5-56 | 5.92 
271 fae i ue ‘ 38.13 | 1.47 | 1161 | 1324 | 5-52 | 5-89 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 83.—Continued. 


PROPERTIES OF Tor CHORD SECTIONS. 


Properties of é | Four eee 


Highway Bridge and: 
Top Chord Sections. Three Plates. 


Moments of | Radii of Gyra- 
Inertia. tion. 
Gross Area. Pere 
: Y| axis | Axis | Axis | Axis 
Section A-A. | B-B. | A-A. | B-B. 
Number, F . Top. 


A e I, Ip Ta TB 


Inches. i Inches?. | Inches. |Inches‘.| Inches‘.| Inches. | Inches- 


3X3%16 z 25.78 | 1.97 | 933 | 976 

27.66 1.84 | 974 | 1036 
29.53 1.72 | 1015 | 1095 
31.41 E62 || TOSS) |, 1153 
33.28 1.53 | 1096 | 1209 
35.16 1.45 | 1135 | 1264 
37-03 1.37 | 1174 | 1317 
38.91 1.31 | 1212 | 1369 


Sep tela 
WB OO b OV bu 


0S5000; 


26.56 1.72 988 | 1020 
28.44 1.61 | 1028 | 1080 
30.31 1.51 | 1068 | 1139 
32.19 1.42 | 1107 .| 1197 
34.06 1.35 | 1146 | 1253 
35-94 1.28 | 1184 | 1308 
37.81 1.21 | 1222 | 13614 


39.69 1.15 | 1260 | 1413 


27.32 1.50 | 1038 | 1063 
29.20 1.40 | 1077 | 1123 
31.07 1.32 | 1115 | 1182 
32.95 1.24 | 1153 | 1240 
34.82 1.18 | 1192 | 1296 
36.70 1.02 |) T2209) |erzior 
38.57 1.06 | 1266 | 1404 
40.45 1.01 | 1303 | 1456 


DDAAAH AUT Annan 
aute Heb 
wo aOo 


28.06 1.28 | 1085 | 1107 
29.94 1.20; | 1123 | 1167 
31.81 1.13 | 1160 | 1226 
33-69 1.07 | 1197 | 1284 
35-56 1.01 | 1235 | 1340 
37-44 | 0.96 | 1272 | 1395 
39-31 0.92 | 1309 | 1448 
41.19 0.88 | 1345 | 1500 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 83.—Continued. 


PROPERTIES OF TOP CHORD SECTIONS. 


Properties of 
Highway Bridge 
Top Chord Sections. 


Four Angles 
and 
Three Plates. 


i} 


Plates. 3 Angles. Moments of | Radii of Gyra- 
Inertia. tion. 

fea Gross Area.| Eecen- —- 

Becton tricity-| Axis | Axis | Axis | Axis 

Number. Web. Cover. Top. Bottom. A-A. | B-B. | A-A. | B-B. 


Bet en | ee Sn eer, A e I, Ip TA rB 

Inches. Inches. Inches. Inches. Inches?. | Inches. |Inches‘.|Inches‘.| Inches. | Inches. 
"304 I Is 18x76 3X3X16 4X3X8 28.78 1.09 | 1127 | 1149 | 6.26 | 6.31 
305 ce : : 30.66 | 1.03 | 1164 | 1209 | 6.16 | 6.27 
306 a 16 ye i . 32.53 | 0.97 | 1201 | 1268 | 6.07 | 6.24 
307 ale A 34.41 0.92 | 1237 | 1326 | 5.99 | 6.20 
308 16 B ss 36.28 | 0.87 | 1275 | 1382 | 5.92 | 6.17 
309 was BS of S 38.16 | 0.83 | 1311 | 1437 | 5-86 | 6.14 
310 16 . is x 40.03 0.79 | 1347 | 1490 | 5.80 | 6.10 
311 2 41.91 | 0.75 | 1383 | 1542 | 5-74 | 6.06 

E312) 15x75 18x75 3X3Xp— | 4X3X45 29.50 | 0.92 | 1165 | 1191 | 6.28 | 6.36 . 
*313, ee aw os tf 31.38 | 0.86 | 1202 | 1251 | 6.19 | 6.32 
314 oe © # cS 33-25 | 0.81-| 1238 | 1310 | 6.10 | 6.28 
315 > * » s ‘i 35.13 | 0.78 | 1274 | 1368 | 6.02 | 6.24 
316 iG 37.00 | 0.73 | 1311 | 1424 | 5.95 | 6.20 
317 ace ie ss 38.88 | 0.69 | 1347 | 1479 | 5.88 | 6.16 
318 nate Si fs cs 40.75 | 0.66 | 1383 | 1532 | 5.82 | 6.13 
319 Oe cs ss ec 42.63 0.63 | 1419 | 1584 | 5-76 | 6.09 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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an 
Three Plates. 
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* Spacing of rivet lines of web greater than 30 X thickness of plate. 


Plates. Angles. Eanes Radk S ae 
Gross Area.| Eecen- 
awe tricity.| Axis | Axis | Axis | Axis 
Number. | Web. Cover. Top. Bottom. r Ack, | BiB. Daa eee 
A e I, Ip Ta TB 
Inches Inches. Inches. Inches. Inches?, | Inches. |Inchest.|Inchest. Inches.| Inches. 
15” X 18” Section. A series. 

*IOoL 15x 18x75 3x3x3 4X3x3 28.31 1.96 | 988 | 1067 | 5.91 | 6.14 
1002 Saere 5 Sy Es 30.19 1.84 | 1029 | 1126 | 5.84 | 6.11 
1003 ee 2 es 32.06 1.73 | 1070 | 1184 | 5.78 | 6.08 
1004 . 5 % i - 33-94 1.63 | 1112 | 1240 | 5.72 | 6.05 
1005 in : ee 35.81 1.55 | 1151 | 1295 | 5.67 | 6.01 
1006 pei 3 a st 37.69 1.47 | 1191 | 1348 | 5.62 | 5.98 
1007 See x es 39.55 1.40 | 1229 | 1400 | 5.58 | 5.95 

*t008 15x5 18x76 3X3X8 4x3X76 29.09 1.73 | 1043 | 1111 | 5.99 | 6.18 
1009 36 30.97 1.62 | 1084 | 1170 | 5.92 | 6.15 
1010 Se - Ww ay 32.84 1.53 | 1123 | 1228 | 5.85 | 6.11 
IOII : Ts ¥ _ “ 34.72 | 1.45 | 1163 | 1284 | 5.79 } 6,08 
1012 ia : : 3 36.59 1.37 | 202. | 1339 | 5.73 1eO1o5 
1013 en 3 38.47 1.30 | 1241 | 1392 | 5.68 | 6.01 
1014 os 4 Ge 40.34 1.24 | 1279 | 1444 | 5.63 | 5.98 

*IOIS Dex 18x75 3x3x3 4X3X3 29.85 1.52 | 1093 | 1156 | 6.05 | 6.22 
1016 . 16 5 5 is 31.73 1.43 | 1132 | 1215’) 5.97 | 6.19 
1017 a 33.60 | 1.35 | 1171 |.1273 | 5.90 | 6.15 
1018 Saas : ce is 35-48 1.28 | 1210 | 1329 | 5.84 | 6.12 
1019 x uw a : ‘ 37.35 1.21 | 1248 | 1384 | 5.78 | 6.09 
1020 t¢ 39.23 1.15 | 1286 | 1437 | 5-73 | 6.05 
1021 “s 4 fe 41.10 | 1.10 | 1323 | 1489 | 5.67 | 6.02 

*1022 15x¢ 18xz5 BX3KR 4x3x9%5 30.59 1.32 | 1140 | 1199 | 6.10 | 6.26 
1023 “a 4 of by 32.47 | 1.25 | 1178 | 1258 | 6.02 | 6.22 
1024 a a ; . x 34.34 1.18 | 1216 | 1316 | 5.95 | 6.19 
1025 Ste 36.22 1.12 | 1255 | 1372 | 5.89 | 6.16 
1026 cae i oe re 38.09 1.06 | 1292 | 1427 | 5.83 | 6.12 
1027 cate is c e 39-97 | 1.01 | 1329 | 1480 | 5.77 | 6.08 
1028 es : oe 41.84 | 0.97 | 1366 | 1532 | 5.71 | 6.05 
*1029 I5x% 18x75 3x3xd 4x3x8 31.31 1.15 | 1183 | 1241 | 6.15 | 6.30 
1030 OSG i Fs y 33-19 | 1.08 | 1220 | 1300 | 6.06 | 6.26 
1031 See ef # By 35.06 1.02 | 1257 | 1358 | 5.99 | 6.22 
1032 ne 16 - ‘i sf 36.94 | 0.97 | 1295 | 1414 | 5.92 | 6.19 
1033 a ss 38.81 | 0.93 | 1332 | 1469 | 5.86 | 6.15 
1034 cate a = “e 40.69 | 0.88 | 1368 | 1522 | 5.80 | 6.12 
1035 ais ue a 42.56 | 0.84 | i405 | 1574 | 5.75 | 6.08 


TABLE 84.—Continued. 
PROPERTIES OF TOP CHORD SECTIONS. 


Properties 


Four Angles 
of and 
Top Chord Sections. 


ni 
Three Plates. 


Plates. a 5 a acer 
— Gross Area.| Ecce 
Section tricity.| Axis | Axis | Axis | Axis 
Number. Web. Cover: Top. Beton A-A. | B-B. | A-A. | B-B. 
A e Ta Ip Ta TB 

Inches. Inches. Inches Inches. Inches?. | Inches. |Inches‘.|Inches‘.| Inches. | Inches. 

*1036 15x% 18x76 3X3X8 4X3X16 32.03 | 0.98 | 1223 | 1284 6.18 
1037 «Fe 3 i aN 33-91 092 | 1260 | 1343 | 6.10 | 6.29 
1038 ey - . 35-78 0.87 | 1297 | 1401 | 6.02 | 6.25 
1039 « 2S ss S " 37.66 0.83 | 1334 | 1457 | 5-95 6.22 
1040 EME i ae ; 39-53 0.79 | 1370 | 1512 | 5.89 | 6.19 
IO41 ee : . 41.41 0.76 | 1406 | 1565 | 5.83 6.15 
' 1042 £ S < cf 43.28 0.72 | 1442 | 1617 | 5-77 6.11 
*1043 15x 18x76 3X3X8 A4x3x2 32.73 | 0.82 | 1259 | 1327 | 6.20 6.37 
1044 36 “ . * 34.61 0.78 | 1295 | 1386 | 6.12 | 6.33 
1045 mes ‘i x cs 36.48 0.74 | 1331 | 1444 | 6.04 | 6.29 
1046 “16 3 j ty 38.36 0.70 | 1368 | 1500 | 5.97 6.25 
1047 8 : a 40.23 0.67 | 1404 | 1555 | 5-90 | 6.22 
1048 «ik id) ce My 42.11 0.64 | 1440 | 1608 | 5.85 6.18 
__ 1049 ea ui sé a 43.98 | 0.61 | 1475 | 1660 | 5.79 | 6.14 

; 15’ X 18” Section. B Series. 

1050 15x5 18x35 32X32%5 Bxgaxg 29.06 1.50 | 1035 | 1042 | 5.96 | 5.98 
IOSI ae . ‘ . 30.94 1.41 | 1074 | 1090 | 5.89 | 5-93 
1052 =) # 4 : 32.81 EGS Heel LS if L137. 5.82 | 5.88 
1053 as 3 3 . 34.69 1.26 | 1151 | 1183 | 5.76 | 5-84 
1054 fae a ‘ s 36.56 1.20 | 1190 | 1228 | 5.70 | 5.79 
1055 i6 38.44 1.14 | 1227 | 1272 | 5.65 | 5-75 
1056 ees 4 4 Ge 40.31 1.08 | 1265 | 1315 | 5.60 | 5-71 
1057 I5X% 18x5 32%32%8 5x34x75 | 30.02 1.25 | 1095 | 1095 | 6.04 | 6.04 
1058 = 16 5 : x 31.90 1.18 | 1133 | 1143 | 5.96 | 5-99 
1059 pat 83077 1.11 | 1170 | 1190 | 5.89 | 5.94 
1060 ‘2 wy et 35.65 1.05 | 1207 | 1236 | 5.82 | 5.89 
1061 . a iy 3 37.52 1.00 | 1245 | 1281 | 5.76 | 5-84 
1062 ‘6 az. : > 39.40 0.95 | 1282 | 1325 | 5-70 | 5.80 
1063 re 41.27 0.91 | 1319 | 1368 | 5-65 | 5-75 
1064. 15X5 I 8x5 32X33X8 5x35xa 30.96 1.02 | 1149 | 1148 | 6.09 | 6.09 
1065 E 76 ys ‘ . 32.84 | 0.96 | 1186 | 1196 6.00 | 6.03 
1066 ee - N Z 34.71 0.91 | 1222 | 1243 | 5-93 5-98 
1067 “18 . “ n 36.59 0.86 | 1259 | 1289 | 5.86 | 5.93 
1068 ae Z ¥ 38.46 0.82 | £296 | 1334 | 5-80 | 5.88 
1069 eas e 40.34 | 0.78 | 1332 | 1378 | 5-74 | 5-84 
1070 rs i ss 42.21 0.75 | 1368 | 1421 | 5.69 | 5.80 


* Spacing ot rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84.—Continued. 
PROPERTIES OF Top CHORD SECTIONS. 


cd é | ; Four Angles 


0} - - an 
Top Chord Sections. Three Plates. 


Moments of | Radii of Gyra- 
Inertia. tion. 


Axis Axis Axis Axis 


Section = a = es 
Number. i Bottom. A-A. | B-B. | A-A. | B-B. 


Plates. Angles. 
Gross Area. 


A Ta Ip TA TB 


Inches, Inches?. Inches!.|Inches!, Inches. 


1071 x 5x34xa6 | 31.90 1200 | 1201 6.13 
1072 e 33-78 1236 | 1249 6.08 
1073 35.65 0.71 | 1272 | 1296 6.03 
1074 37-53 0.68 | 1308 | 1342 | 5. 5.98 
1075 39-40 | 0.65 | 1344 | 1387 | 5. 5-93 
1076 41.28 0.62 | 1380 | 1431 ‘ 5.89 
1077 43-15 | 0.59 | 1416 | 1474 5-84 


1078, 32.80 | 0.60 | 1246 | 1253 6.18 
1079 34.68 0.57 | 1282 | 1301 rE 6.12 
1080 36.55 0.54 | 1317 | 1348 | 6. 6.07 
1081 38.43 0.51 | 1353 | 1394 6.02 
1082 40.30 | 0.49 | 1389 | 1439 | 5. 5.97 
1083 42.18 0.47 | 1425 | 1483 ‘I 5-92 
1084 44.05 0.45 | 1460 | 1526 5.88 
33-70 0.41 | 1289 | 1305 6.22 
35-58 0.39 | 1325 | 1353. 
37-45 | 0.37 | 1360 | 1400 
39-33 | 0.35 | 1395 | 1446 
41.20 | 0.34 | 1431 | 1491 
43.08 0.32 | 1467 | 1535 
44.95 0.31 | 1502 | 1578 
34.58 0.25 | 1326 | 1358 
36.46 0.23 | 1361 | 1406 
38.33 0.22 | 1396 | 1453 


40.21 0.21 | 1431 | 1499 
42.08 0.20 | 1467 | 1544 


43.96 0.19 | 1502 | 1588 
45.83 0.18 | 1537 | 163% 
157 X 19” Section. A Series. 


+cojenr 
ee aC 


4 

I a I 
I-scolered) bolts) coleo welcomes 
i ai2 ok 


1085 
1086 
1087 
1088 
1089 
1090 
1091 


_ 
jon mie 


Ipscolens 
\—* a 


2 


-_ 
ial 
ofc welcob 


1092 
1093 
1094 
1095 
1096 
1097 
1098 


Jose ls 


coon 
cS 


oh 


loon) 


= 
cal 


colonel bal] cnico 
paele ols 


*1099 
I1I0o 
IIOL 
1102 
1103 
TIO4 
I105 


4x3x3 28.75 2.04 | 1002 | 1240 
s 30.63 1.92 | 1044 | 1310 
32.50 1.81 | 1086 | 1378 

34.38 1.71 | 1128 | 1445 

36.25 1.62 | 1168 | 1510 

38.13 1.54 | 1207 | 1574 

40.00 1.47 | 1247 | 1637 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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*T106 
1107 
1108 
1109 
1110 

ILI 
Ili2 


*I113 
III4 
IIIS 
1116 
1117 
1118 
I1lIg 


*1120 
1121 
LI22 
1123 
1124 
1125 
1126 


a2 7. 
1128 
1129 
1130 
1131 
1132 
1133 


*1134 
1135 
1136 
1137 
1138 


1139 
1140 
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Top Chord Sections. 


TABLE 84.—Continued. 


PROPERTIES OF Top CHORD SECTIONS. 


Plates. 


Angles. 


ifthe oe 


Icojen 
* 


ra 
on mer} 


i] 
cal 


by 
a aad loo) 


Lal 
eth nico 


Lal 
Rt 
eelce 
bs] coleo  waleob 
jones a 


colon 
c 


mere 


Cover. 


7 
19X76 
“ce 


Inches. 


Top. 


Inches. 


3 
3X3X8 
oe 


Bottom, 


Inches. 


A3X76 


Gross Area. 


A 


Inches?. 


Inches. 


Four Angles 
and 
Three Plates. 


Moments of 
Inertia. 


Radii of Gyra- 
tion. 


Axis 
A-A. 


Ta 


Axis 
B-B. 


Ip 


Inches. 


Inches‘. 


29-53 
31.41 
33.28 
35.16 
37-93 
38.91 
40.78 


30.29 
32.17 
34.04 
35-92 
37-79 
39-67 
41.54 


31.03 
32.91 
34-78 
36.66 
38.53 
40.41 
42.28 


31.75 
33-63 
35.50 
37-38 
39.25 
41.13 
43-00 


32.47 
34:35 
36.22 
38.10 
39-97 
41.85 
43-72 


1.81 
1.71 
1.61 
1.52 
1.45 
1.38 
1-3 u 


1.61 
1.51 
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* Spacing of rivet lines of web greater than 30 X thickness of plate. 


1059 
1100 


1140 
1180 
1219 
1258 
1297 


IIIO 
1149 
1188 
1228 
1266 
1304. 
1342 


1158 
1196 
1235 
1273 
1311 
1348 
1385 


1201 
1239 
1277 
1315 
1352 
1388 
1425 


1243 
1280 
1317 
1354 
1391 
1427 
1463 


1291 
1361 
1429 
1496 
1561 
1625 
1688 


1341 
I4It 
1479 
1546 
1611 
1675 
1738 


1390 
1460 
1528 
1595 
1660 
1724 
1787 


1437 
1507 
1575 
1642 
1707 
1771 
1834 


1486 
1556 
1624 
1691 
1756 
1820 
1883 
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Top Chord Sections, 


TABLE 84.—Continued. 
PROPERTIES OF TOP CHORD SECTIONS. 


Plates. 


Four Angles 


and 
Three Plates. 


- | Inches!.| Inches*. 
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Section 

Number. Web. Cover. Top Bottom, 

A 
Inches. Inches?, 

*T141 155, 1oxr6 3X3X8 4x3x¢ 33.174 0 |NO:92 
an Ae “e 76 “ ce “ 35:05 Be 
1143 “c es “c “ce “cc 36.92 o;82 
te “ ze “ “ “ abide o78 
ae “ce Uy “¢ ce ee wee, 2-75 
sas “ i iT “ce ce ae aoe 

15s” X19” Section. B Series. 

1148 I5x$ 19oxgs || 34x39x3 |) 5x3ax6 30.62 1.83 
1149 “ qs “ce T3 it3 32 50 I 72 
1150 “ce d “e “ ce 34.37 1.63 
IISI “ 3 “ce “ “ 36.25 1.55 
T152 ie z a ei i; 38.12 1.47 

&, 2 “ “ “ 
ae «é - & ei « rs aah 
1155 I5X8 19xr6 32X32%8 5x33%16 31.58 1.58 
Bee Tea gee Fea” | Pk Wiha ee aol este ae 
1158 it % “ “ “ 37.21 1.34. 

“ce Ht (73 “ce “cc 3 8 = 
r159 “ g “ “ce “ce 39.0 eT 
aieo cc fu “ “e “ce aoe eR 
1161 ry 42.83 1.1 
1162 15x¢ 19xzs | 34x39x$ | 5x34x4 32.52 1.35 
1163 & ae “6 & “ 34.40 1.27 
1164 ae se « UG 36.27 | 4.21 
1165 i * ss ss éo 38.15 1.15 
1166 cba ne * iY 40.02 1.09 

ae ce ce “ 
sae ate : : r 41.90 | 1.04 
1168 z 43-77 1.00 
1169 pace 1oxrs 33X35x5 5X32X16 33-46) 1) E13 
1170 z 35-34 1.07 
1171 x + WV ; $ 37-11 1.02 
a2 “ Be « “ “ 38:09 o.9F 
1173 BE i p : 40.86 0.92 
1174 4 a4 42.74 0.88 
1175 a cc “ “ 44.61 0.85 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 


1279 
1316 
1352 
1388 
1425 
1461 
1497 


1094 
1136 
1176 
1215 
1255 
1294 
1333 


1160 
1200 
1239 
1277 
1317 
1355 
1392 
1218 
1256 
1294 
1332 
1370 
1407 
14 44 
1274 
1311 
1348 
1385 
1423 
1460 
1496 


1535 
1605 
1673 
1740 
1805 
1869 


1932 


1250 
1308 
1365 
1421 
1476 
1530 
1583 


1310/ 


1368 
1425 
1481 
1536 
1590 
1643 


1371 
1429 
1486 
1542 
1597 
1651 
1704 


1431 
1489 
1546 
1602 
1657 
1711 
1764 


TABLE 84.—Continued. 
PROPERTIES OF Tor CHORD SECTIONS. 


Four Angles 


sis rages 
and 
Three Plates. 


oO! 
Top Chord Sections. 


Moments of Radii of Gyra- 
Inertia. tion. 

Sectio#i Axis Axis Axis 

Number Web. Cover. Top. Bottom. Ask. | BoB (Ag ee 
Ta Ip TA TB 
__ Inches. Inches. Inches. Inches. Inches’. | Inches. |Inches*.|Inches‘.| Inches. 

1176 15x 19x16 32%33%8 5X3 3X8 34.36 | 0.93 | 1325 | 1490 | 6.21 | 6.59 
1177 4 16 ‘ 36.24. 0.88 | 1362 | 1548 | 6.13 | 6.53 
1178 3 2 ee i 38.11 0.84 | 1398 | 1605 | 6.06 | 6.48 
1179 ts s i: oe 39.99 | 0.80 | 1434 | 1661 | 5.99 | 6.44 
1180 2 Ss es bs 41.86 0.76 | 1472 | 1716 | 5.93 | 6.40 
1181 E Te ef a ss 43-74 0.73 | 1508 | 1770 | 5.87 | 6.36 

1182 es ss 45.61 0.70 | 1544 | 1823 | 5.82 6.32 
1183 15x6 19xi6 33x 3ax8 5x33xik | 35.26 | 0.74 | 1372 | 1549 6.24 | 6.63 
1184 s 16 - s se 37.14 0.70 | 1408 | 1607 | 6.16 | 6.58 
1185 as . : a 39.01 0.67 | 1444 | 1664 | 6.08 | 6.53 
1186 a @ - 40.89 0.64 | 1479 | 1720 6.01 | 6.48 
1187 ce i = ce 42.76 0.61 | 1516 | 1775 | 5.95 | 6.44 
1188 e re fe ; 4 44.64. | 0.59 | 1552 | 1829 | 5.89 | 6.40 
1189 3 ce 46.51 0.86 | 1587 | 1882 | 5.84 | 6.36 
1190 I xe roxzs | 33x34"2 | 5x33x2 36.14 | 0.58 | 1413 | 1609 | 6.25 | 6.67 
II9QI Sass: : ef se 38 02 o55 | 1448 | 1667 | 6.16 | 6.62 
T192 % + - s s 39.89 0.52 | 1484 | 1724 | 6.09 | 6.57 
1193 Wu cs . 41.77 0.50 | 1520 | 1780 | 6.03 | 6.52 
II94 i % Pe ¥ 43-64 |_0.48 | 1556 | 1835 | 5.97 6.48 
1195 cage ‘3 5 : 45.52 0.46 | 1591 | 1889 | 5.91 | 6.44 
1196 ri 47-39 0.44 | 1627 | 1942 | 5.86 | 6.40_ 

16” X 19” Section. A Series. 

*I197 16x§ 19x16 3X3X8 4x3X8 29.49 2.12 | 1165 | 1270 | 6.28 | 6.56 
1198 Le Ts °, * i 31.49 1.99 | 1216 | 1344 | 6.21 | 6.53 
1199 Bates ‘ af - 33-49 1.87 | 1265 | 1417 | 6.15 | 6.51 
1200 18 “e : ss 35-49 1.76 | 1315 | 1488 | 6.09 | 6.48 
1201 ise ; 37 49 1.67 | 1364 | 1558 | 6.04 | 6.45 
1202 oe ike ce a 39.49 1.58 | 1412 | 1626 | 5.98 | 6.42 
1203 oe = te * 41.49 | 1.51 | 1459 | 1693 | 5-93 | 6.39 

*1204 16x% 19x75 3%3X8 4x3X75 30.27 1.88 | 1229 | 1321 | 6.37 | 6.60 
1205 Te a ' s *s 32.27 1.77 | 1278 | 1395 | 629 | 6.57 
1206 aac, & e M: 34.27 | 1.66 | 1326 | 1468 | 6.22 | 6-54 
1207 ee oa Ne ae, 36.27 1.57 | 1374] 1539 | 6.15 | 6.51 
1208 ae # ay oe 38.27 1.49 | 1422 | 1609 | 6.09 | 6.48 
1209 «it td re 40.27 1.42 | 1469 | 1677 | 6.04 | 6.45 
1210 eg SS es se 42.27 1.35 | 1515 | 1744 | 5.99 | 6.42 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84.—Continued. 
PROPERTIES OF Top CHORD SECTIONS. 


Properties é : H Four Angles 
of , z = = 3 ‘ and 
Top Chord Sections. a Three Plates. 


Moments of | Radii of Gyra- 


Inertia. tion. 
Eccen- 


Gross Area.| ">" - — | ——____—— 
tricity.) Axis | Axis | Axis | Axis. 


Section A-A — —A. | B-B. 
Number. Web. A 5 Bottom. pol Race 3 |= 


A e Ta Ip TA Tp 


Inches. Inches. ; Inches. Inches. | Inches. |Inches‘.|Inches'. Inches.| Inches. 


16” X 19” Section. A Series. 


*T200 
1212 
1213 
1214 
1215 
1216 
1217 


*i218 
1219 
1220 
1221 
1222 
1223 
1224 


3X3x¢ 4X3X5 31.03 1.67 | 1287 | 1371 

5 % 33-03 | 1.57 | 1335 | 1445 
35-03 1.48 | 1382 | 1518 
37.03 1.40 | 1429 | 1589 
39.03 1.32 | 1476 | 1659 
41.03 1.26 | 1522 | 1727 
43.03 1.20 | 1567 | 1794 


31.77 1.46 | 1342 | 1420 
33-77 1.38 | 1389 | 1494 
35-77 | 1.30 | 1435 | 1567 
LWA 1.23 | 1481 | 1638 
39-77 1.17 | 1527 | 1708 
41.77 T.1r | 1672 | 1776 
43-77 1.06 | 1617 | 1843 


32.49 1.28 | 1392 | 1467 
34.49 1.20 | 1438 | 1541’ 
36.49 1.14 | 1483 | 1614 
38.49 | 1.08 | 1528 | 1685 
40.49 1.03 | 1573 | 1755 
42.49 0.98 | 1618 | 1823 
44-49 0.93 | 1662 | 1890 
33-21 1.10 | 1439 | 1516 
35.21 1.04 | 1484 | 1590 
37.21 098 | 1528 | 1663 
39.21 0.93 | 1573 | 1734 
41.21 | 0.89 | 1617 | 1804 
43.21 0.85 | 1662 | 1872 
45.21 0.81 | 1705 | 1939 


33.91 | 0.94 | 148z | 1565 
35-91 0.89 | 1526 | 1639 
37-91 0.84 | 1569 | 1712 
39.91 0.80 | 1614 | 1783 
41.91 0.76 | 1658 | 1853 
43-91 0.73 | 1702 | 1921 
45.91 0.70 | 1745 | 1988 
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*1225 
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* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84.—Continued. 
PROPERTIES OF TOP CHORD SECTIONS. 


Properties 
oO! 
Top Chord Sections. 


Four poss 


an 
Three Plates. 


| Plates. Angles. | bites of Radi ct re 
Gross Area.| Eecen- 
eae tricity. oR Joe Asis Axis 
Number. Web. Cover. Top. Bottom. tee’ Be As || BEB: 
A € Ta Ip TA TB 
Inches. Inches. Inches. Inches. Inches?. | Inches. |Inches‘.|Inches‘.| Inches. | Inches. 
16” X 19” Section. B Series. 
| #7246 16x$ roxzs | 32X32x8 5X3 2X8 aly! 1.90 | 1271 | 1275 | 6.36 | 6.37 
1247 ots . %s 33.37 | 1.79 | 1320 | 1337 | 6.29 | 6.33 
i248 fae s S - = BiG 317i 1.69 | 1368 | 1398 | 6.22 | 6.28 
1249 Pare, ip os . 37-37 1.60 | 1417 | 1458 | 6.15 | 6.24 
1250 nae 39.37 1.52 | 1464 | 1516 | 6.10 | 6.20 
250 ae i S a 41.37 1.44 | 111 | 1573 | 6.05 | 6.16 
1252 Soar € ob FS 43-37 1.37 | 1558 | 1629 | 6.00 | 6.13 
*1253 16x§ Toxvs | 33x32%8 5x3axre | 32-33 | 1-64 | 1345 | 1335 6.45 | 6.42 
1254 i 7 . i 34.33 | 1-54 | 1393 | 1397 | 6.37 | 6.38 
1255 o . ‘: _ 36.33 1.46 | 1440 | 1458 | 6.30 | 6.33 
1256 Seca, 5 ‘ 38.33 1.38 | 1487 | 1518 | 6.23 | 6.29 
1257 23 i ;, x 40.33 1.31 | 1534 | 1576 | 6.17 | 6.25 
1258 care 42.33 1.25 | 1579 | 1633 | 6.11 6.21 
1259 es # i of 44.33 | 1.19 | 1625 | 1689 | 6.05 6.17 
*1260 16x} roxy | 33x34x3 | 5x32x2 33.27 1.40 | 1412 | 1396 | 6.51 | 6.48 
1261 ea cs = S Ley | 1.32 | 1459 | 1458 | 6.42 | 6.42 
1262 Stade ea < sf 37.27 1.25 | 1504 | 1519 | 6.35 | 6.38 
1263 “3 SS e 39.27 |.1.18 | 1550 | 1579 | 6.28 6.34 
1264 see a st o 41.27 1.13 | 1595 | 1637°| 6.21 | 6.30 
1265 cate is tele © a 43.27 1.08 | 1640 | 1694 | 6.15 | 6.26 
1266 “3 x % = 45.27 1.03 | 1685 | 1750 | 6.10 | 6.22 
*1267 16x} roxzs | 33x34x3 | 5x3axx6 | 34-21 1.17 | 1475 | 1456 | 6.57 | 6.52 
1268 eas es is eg 36.21 1.10 | 1521 | 1518 | 6.48 | 6.47 
1269 jee oe ad oe 38.21 1.05 | 1565 | 1579 | 6.39 | 6.42 
1270 “« 2 ek st ss 40.21 1.00 | 1610 | 1639 | 6.32 | 6.38 
1271 “3 J ss 42.21 0.95 | 1655 | 1697 | 6.26 | 6.34 
1272 «ait eS ie ee 44.21 0.91 | 1699 | 1754 | 6.20 6.30 
1273 aie sy y e 46.21 | 0.87 | 1743 | 1810 | 6.14 6.26 
*1274 16x} roxy | 34x34x8 | 5x32x¢ 35.11 0.96 | 1534 | 1514 | 6.61 6.57 
1275 stg e ie e 37.11 | 0.91 | 1578 | 1576 | 6.52 | 6.51 
1276 “4 ff ¥ e 39.11 0.85 | 1622 | 1637 | 6.44 6.46 
1277 “> se iS ss AL.IL 0.82 | 1666 | 1697 | 6.36 | 6.42 
1278 “8 s Fe a 43.11 0.78 | 1711 | 1755 | 6.29 6.38 
1279 «it 7s e ce 45-11 0.75 | 1754 | 1812 | 6.23 6.34 
1280 “2 a 3 47.11 0.72 | 1798 | 1868 | 6.17 6.30 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84.—Continued. 
PROPERTIES OF Top CHORD SECTIONS. 


Properties 


Four hae 
oO! 
Top Chord Sections. 


an 
Three Plates. 


Plates. Angles. Moser a 
- Gross Area.| Eccen- 
; tricity.| Axis | Axis | Axis | Axis 

Section A-A. | B-B. | A-A. | B-B. 

A Ip a ry > 
Inches®, . |Inches‘. | Inches*.| Inches. 

*1281 16x} 19xz6_ | 32x34x3 | 5x33x24 | 36.01 0.77 | 1586 | 1573 | 6.64 | 6.60 
1282 “ae rs ce y 38.01 0.73 | 1630 | 1635 | 6.55 | 6.56 
1283 ae} es re ee 40.01 0.69 | 1673 | 1696 | 6.47 | 6.51 
1284 oe a ee 42.01 0.66 | 1717 | 1756 | 6.39 | 6.46 
1285 ne ee “ Fé 44.01 0.63 | 1761 | 1814 | 6.32 | 6.42 
1286 “ab se ? : 46.01 0.60 | 1803 | 1871 | 6.26 | 6.37 
1287 ee # si cs 48.01 0.57 | 1847 | 1927 | 6.20 | 6.33 

*1288 16x} 19xzs | 33x33x2 | 5x33x3 36.89 0.59 | 1632 | 1634 |°6.65 | 6.65 
1289 ale es Ee 38.89 0.56 | 1678 | 1694 | 6.56 | 6.59 
1290 4 ee Gi y 40.89 0.53 | 1720 | 1755 | 6.48 aioe 
1291. “> a # ¥ 42.89 0.51 | 1764 | 1815 | 6.41 | 6.50 
1292 “3 ce oe ce 44.89 0.48 | 1807 | 1873 | 6.34 | 6.46 
1293 “at e ¢ S 46.89 0.46 | 1850 | 1930 | 6.28 | 6.42 
1294 “2 sf fe es 48.89 0.44 | 1893 | 1986 | 6.22 | 6.37 

16” X 20” Section. A Series. 
‘d 

*1295 16x? 20xqz 3x3x¢ 4X3x3 29.93 2.21 | 1180 | 1463 | 6.28 | 6.99 
1296 “a ss fe re 31.93 2.07 | 1232 | 1550 | 6.21 | 6.97 
1297 . = ne “ fe _ 33-93 1.95 | 1282 | 1635 | 6.15 | 6.94 
1298 as . Pe a 35-93 1.84 | 1332 | 1719 | 6.09 | 6.92 
1299 ee 4 ee es 37-93 1.74 | 1382 | 1801 | 6.04 | 689 
1300 4 4h a ee es 39.93 1.65 | 1431 | 1881 | 5.99 | 6.86 | 
1301 i 2 = # 41.93 | 1-58 | 1478 | 1959 | 5.94 | 6.84 

*1302 16x? 20x75 3x3x 4X3Xq5 30.71 1.97 | 1246 | 1519 | 6.37 | 7.04 
1303 “7 < rf sf 32.71 1.85 | 1297 | 1606 | 6.30 | 7.01 
1304 ) 2 < 3 ee 34.71 1.75 | 1346 | 1691 | 6.23 | 6.98 
1305 i : cs ee 36.71 1.65 | 1394 | 1775 | 6.16 | 6.95 
1306 “3 es Re gs 38.71 1.57 | 1442 | 1857 | 6.10 | 6.93 
1307 “i i ee G 40.71 | 1.49 | 1490 | 1937 | 6.05 | 6.90 
1308 aes se er ee 42.71 1.42 | 1536 | 2015 | 6.00 | 6.87 | 

*1309 16x 20x75 3X3x¢ 4X3X9 31.47 1.76 | 1306 | 1576 | 6.44 | 7.08 
1310 : is i x s 33-47 1.65 | 1355 | 1663 | 6.36 | 7.05 
1311 ‘ - re 35.47 1.56 | 1402 | 1748 | 6.29 | 7.02 
1312 “16° ss < fs 37.47 1.48 | 1449 | 1832 | 6.22 | 6.99 
1313 FH 3 ee se re 39-47 1.40 | 1496 | 1914 | 6.16 | 6.96 
1314 ts ss Hs 5 41.47 | 1.33 | 1543 | 1994 | 6.10 | 6.93 
1315 aoe | sf « 2 43-47 1.27 | 1589 | 2072 | 6.05 | 6.90 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84.—Continued. 
PROPERTIES OF Top CHORD SECTIONS. 


Properties 
to) 
Top Chord Sections. 


Four Angles 
and 
Three Plates. 


Plates. Angles. 2 soe ; of Rest 
| —__—__—_———_|Grros Area. SS - : - 

Section eek 2s | ee. | ke ee 

Number. Web. Cover. Top. Bottom. es er Vga es 

A e Ta Ip Ta TB 
Inches. Inches. Inches. Inches. Inches?. | Inches. |Inches4.|Inches‘.| Inches. | Inches. 

*1316 16x% . 20x15 3X3Xx¢ 4X3X465 32.21 1.55 | 1361 | 1631 | 6.50 | 7.12 
1317 a 16 s < i 34.21 1.46 | 1409 | 1718 | 6.42 | 7.09 
1318 a 2 < % 36.21 1.38 | 1455 | 1803 | 6.34 | 7.06 
1319 i¢ 38.21 1.31 | rgo1 | 1887 | 6.27 | 7.03 
1320 Tes f ee Gy 40.21 1.25 | 1548 | 1969 | 6.20 | 7.00 
1321 3 re 4 ‘s ‘ 42.21 1.19 | 1504 | 2049 | 6.15 | 6.97 

migz2 at 4 7 ‘ 44.21 1.13 | 1638 | 2127 | 6.09 | 6.94 

*1323,- 16x5 20x76 3X3x8 4x3x5 32.93 1.37 | 1412 | 1685 | 6.55 | 7-16 
1324 A 16 “ y .. 34.93 | 1.29 | 1459 | 1772 | 646 | 7.12 
1325 ie - 3 3 36.93 1.22 | 1504 | 1857 | 6.38 | 7.09 
1326 46 38.93 1.16 | 1550 | 1941 | 6.31 | 7.06 
1327 ee 4 *s s a 40.93 1.10 | 1595 | 2023 | 6.24 | 7.03 
1328 “i = . bf 42.93 1.05 | 1641 | 2103 | 6.18 | 7.00 
1329 $e s ss sé 44.93 |-¥.00 | 1685 | 2181 | 6.13 | 6.97 

*1330 16x% 20x75 3X3X8 4X3X16 33.65 r.19 | 1461 | 1739 | 6.59 | 7-19 
1331 eo 16 vi fs 35-65 1.12 | 1507 | 1826 | 6.50 | 7.16 
1332 ae 5 Fs 2 37.65 1.06 | 1551 | 1911 | 6.42 | 7.12 
1333 Te 39.65 | 1.01 | 1596 | 1995 | 6.35 | 7-09 
1334 Soa f s ee 41.65 0.96 | 1641 | 2077 | 6.28 | 7.06 
1335 . 3 T6 ;: 5 * 43.65 0.92 | 1686 | 2157 | 6.22 | 7.03 
1336 = 45-65 0.88 | 1730 | 2235 | 6.16 | 7.00 

*1337 16x5 20x16 3X3X8 4X3X4 34.35 1.03 | 1504 | 1794 | 6.62 | 7.23 
1338 pS 16 z 2 x 36.35 0.98 | 1549 | 1881 | 6.53 | 7-19 
1339 ak 53 3 - 38.35 | 0.93 | 1593 | 1966 | 6.45 | 7.16 
1340. 6 40.35 0.88 | 1638 | 2050 | 6.37 | 7.13 
1341 wos S ee se 42.35 0.84 | 1682 | 2132 | 6.30 | 7.10 
1342 sont nt os ss 44.35 0.80 | 1727 | 2212 | 6.24 | 7.06 
1343 sae : a is 46.35 °| 0.77 | 1770 | 2290 | 6.18 | 7,03 

16 X 20” Section. B Series. 

*1344 16x% 2oxzs | 33x34x3 | 5x32x8 31.81 1.99 | 1288 | 1473 | 6.36 | 6.80 * 
1345 qs « Se <S 33.81 1.87 | 1339 | 1547 | 6.28 | 6.76 
1346 om s a od 35.81 1.76 | 1388 | 1620 | 6.22 | 6.72 
1347 Py 4 = ee 37.81 1.67 | 1437 | 1691 | 6.16 | 6.68 

1348 hee 3 5 ¥ 3 39.81 1.59 | 1485 | 1761 | 6.10 | 6.64 
1349 i) x ee 4 41.81 1.51 | 1532 | 1829 | 6.05 | 6.61 
1350 “«e : so ss 43.81 1.44 | 1579 | 1896 | 6.00 | 6.58 


* Spacing of rivet lines of web greater than. 30 X thickness of plate. 


165 


TABLE 84.—Continued. 
PROPERTIES OF Top CHORD SECTIONS. 


Four Angles 
and 
Three Plates. 


Exons siied 
° 
Top Chord Sections. 


Plates. Angles. Moments of | Radii of Gyra- 
Gross Aseac|Beeen- Inertia. tion. 
ce ticity | Axis | Axis | Axis | “Axis 
Number. Web. Cover. Top. Bottoms ee Avs. |) BB |S eae 
A e Ta Ip TA TB 
Inches. Inches. Inches. Inches. Inches?, | Inches. |Inches‘.|Inches‘.| Inches. | Inches. 
*1351 16x35 20x75 32X32%5 5x32x76 32.77 1.72 | 1364 | 1541 | 6.45 | 6.85 
1352 eG % ¥ Py 34.77 1.62 | 1412 | 1615 | 6.37 | 6.81 
1353 a ¥ bs - 36.77 | 1.54 | 1459 | 1688 | 6.30’ | 6.77 
1354 “6 . ¥ = 38.77 1.46 | 1506.| 1759 | 6.23 | 6.74 
1355 8 40.77 | 1.39 | 1553 | 1829 | 6.17 | 6.70 
1356 oo ts oe Y “2 42.77 1.32 | 1599 | 1897 | 6.11 | 6.66 
1357 “3 “s Fe fe 44.77 1.26 | 1646 | 1964 | 6.06 | 6.62 
*1358: 16x5 20x76 32%3 2x8 5X32%3 33-71 1.49 | 1431 | 1609 | 6.51 | 6.91 
1359 : 76 a "i Hs 35-71 140 | 1479 | 1683 | 6.43 | 6:86 
1360 oe i y ‘ 37.71 1.33 | 1525 | 1756 | 635 | 6.82 
1361 76 3 a ‘ 39.71 1.26 | 1571 | 1827 | 6.29 | 6.78 
1362 ty i 41.71 1.20 | 1617 | 1897 | 6.22 | 6.74 
1363 “in . ee ‘Ss 43-71 1.15 | 1661 | 1965 | 6.16 | 6.70 
1364 “a a se oe 45.71 1.10 | 1707 | 2032 |. 6.11 | 6.66 
*1365 16x8 20x75 32338 5X33X16 34.65 1.26 | 1497 | 1677 | 6.57 | 6.96 
1366 s 16 i fe 36.65 1.19 | 1543 | 1751‘| 6.48 | 6.91 
1367 me Fs : i 38.65 1.13 | 1588 | 1824 | 6.41 | 6.87 
1368 16 é : 40.65 1.07 | 1633 | 1895 | 6.34 | 6.83 
1369 ae o . 42.65 1.02 | 1678 | 1965 | 6.27 | 6.79 
1370 ie té A . iy 44.65 0.98 | 1722 | 2033 | 6.21 | 6.75 
1371 rt 46.65 0.94 | 1767 | 2100 | 6.15 | 6.71 
*1372 16x¢ 20x75 32X33%3 5X39X8 35-55 1.05 | 1556 | 1742 | 6.61 |° 7.00 
1373 “16 " 3755 | 0.99 | 1600 | 1816 | 6.53 | 6.95 
1374 rag S . 39-55 | 0.94 | 1644 | 1889 | 6.45 | 6.91 
1375 “ 16 = 41.55 0.90 | 1698 | 1960 | 6.37 | 6.87 
1376 z “s Ga 43.55 0.86 | 1733 | 2030 | 6.31 | 6.83 
oe “é “ “ 
1377 fe re c 5 : 45.55 | 0.82 | 1777 | 2098 | 6.24 | 6.78 
1378 i 3 . 47.55 0.78 | 1822 | 2165 | 6.19 | 6.74 
*1379 16x% 20x16 32X32X8 5X33Xt 36.45 0.86 | 1610 | 1808 | 6.64 | 7.04 
1380 ." Te - 4 38.45 0.81 | 1655 | 1882 | 6.56 | 6.99 
1381 2 . 3 id 40.45 .| 0.77 | 1698 | 1955 | 6.48 | 6.95 
1382 as 4 ; 42.45 | 0.73.| 1742 | 2026 | 6.41 | 6.91 
1383 e ! 4 44.45 0.70 | 1786 | 2096 | 6.34 | 6.87_ 
é¢ Ay “ “cc “ 
1384 3 46.45 0.67 | 1829 | 2164 | 6.28 | 6.83 
1385 a ss oH ef 48.45 | 0.64 | 1873 | 2232 | 6.22 | 6.79 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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Bropestics 


ol! 
Top Chord Sections. 


TABLE 84.—Continued. 
PROPERTIES OF Top CHORD SECTIONS. 


Four Angles 
an 
Three Plates. 


Section * 
Number. 


1387 
1388 
1389 
1390 
1391 
1392 


*1393 
1394 
1395 
1396 
1397 
1398 


*1399 
1400 
1401 
1402 
1403 
1404 


*1405 
1406 
1407 
1408 
1409 
1410 


*I4II 
1412 
1413 
1414 
1415 
1416 


 *1386 


Moments of 


Radii of Gyra- 
tion. 


Plates. Angles. 
Inertia. 
Gross Area.| Eccen~ 
trictty.| axis | Axis 
Web: Cover. Top Bottom. Bee Paes 
A Ts ip 


loc) 


Ree oer le 


Popol ats 
Cc) 


my mre 
Aud Baas 
Pa 


rorfcion gM 


rol 
Roo 
tal 


reece ot iS 


Axis Axis 
A-A, | B-B. 
TA TB 


Inches. Inches. Inches. Inches?. | Inches.,|Inches‘.|Inches‘.| Inches. | Inches. 
2oxze | 33x34x3 | 5x32x% 37-33 0.68 | 1660 | 1875 | 6.67 | 7.09 
S a pare leno seem) 0-04, || 1704: ) 1040 6.58 | 7.03 
s <f g 41.33 0.61 | 1747 | 2022 | 6.50 | 6.99 
es 3 ¥ 43.33 | 0.581 | 1790 | 2093 | 6.42 | 6.94 
& fs ct 45-33 0.56 | 1834 | 2163 | 6.36 | 6.90 
sé of ¥ 47-33 0.53 | 1876 | 2231 | 6.30 | 6.86 
* ce eS 49.33 0.51 | 1920 | 2298 | 6.24 | 6.83 
18” X 21” Section. A Series. 
2x3 3x3xe 4X3X$ 35-43 2.56 | 1712 | 1912 | 6.95 | 7-35 
oe G 2 37.68 2.40 | 1787 | 2023 | 689 | 7.33 
“e oe e 39-93 2.27 | 1860 | 2132 | 6.82 | 7.31 
us a se 42.18 2.15 | 1931 | 2239 | 6.77 | 7-29 
4 4 44.43 2.04 | 2002 | 2345 | 6.72 | 7.27 
i? ne oa 46.68 1.94 | 2072 | 2449 | 6.66 | 7.24 
21x3 3x3x2 | 4x3xre | 36.21 | 2.33 | 1799 | 1975 | 7-05 | 7-39 
« se rs 38.46 2.19 | 1871 | 2086 | 6.97 | 7.37 
ss s ss 40.71 2.07 | 1942 | 2195 | 6.91 | 7-35 
&s s ae 42.96 1.96 | 2012 | 2302 | 6.85 | 7.32 
wo fe Y 45.21 1.86 | 2081 | 2408 | 6.79 | 7.30 
ae fs oe 47-46 1.78 | 2149 | 2512 | 6.73 | 7.28 
21x45 Bx4xKe 4X3X9 36.97 2.12 | 1878 | 2039 | 7-13 | 7-43 
cs fe af 39.22 2.00 | 1948 | 2150 | 7.05 | 7.41 
<< ce sf 41.47 1.89 | 2018 | 2259 | 6.98 | 7.38 
ee ee se 43-72 1.79 | 2086 | 2366 | 6.91 | 7.36 
ae ¥ se 45.97 | 1-70 | 2154 | 2472 | 6.85 | 7.33 
ce ce se 48.22 1.62 | 2221 | 2576 | 6.79 | 7.31 
2X3 3x3x2 | 4x3Xi6 ups 1.92 | 1952 | 2100 | 7.20 | 7.46 
se ne i. 39.96 1.81 | 2021 | 2211 | 7.1L | 7.44 
oh « oe 42 21 172 | 2089 | 2320 | 7.03 | 7.42 
4 iy © 4446 | 1.63 | 2155 | 2427 | 6.96 | 7-39 
< oe 46.71 1.55 | 2222 | 2533 | 6.90 | 7.36 
ee f 48.96 1.48 | 2288 | 2637 | 6.84 | 7.34 


a Spacing of rivet lines of web greater than 30 
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& thickness of plate. 


TABLE 84.—Continued. 
PROPERTIES OF Tor CHORD SECTIONS. 


Properties £ i Four Angles 
of =. and 
Top Chord Sections. a Three Plates. 


Moments of | Radii of Gyra- 
Inertia. tion. 


Fi Axis Axis Axis Axis 
Section A-A. | B-B. | A-A. | B-B. 
Number. A | er | fi 


A We ih TA tp 


Inches?. . | Inches‘.| Inches‘.| Inches. 


38.43 é 2021 | 2160 | 7.25 
40.68 ef 2088 | 2271 
42.93 A 2154 | 2380 
45.18 : 2220 | 2487 
47-43 . 2286 | 2593 
49.68 x 2351 | 2697 


39.15 ; 2087 | 2221 
41.40 : 2153 | 2332 
43.65 : 2219 | 2441 
45.90 ¢ 2283 | 2548 
48.15 ‘ 2348 | 2654 
50.40 : 2412 | 2758 


39.85 ‘ 2146 | 2282 
42.10 3 2212 | 2393 
44.35 A 2276 | 2502 
46.60 a 2340 | 2609/! 
48.85 : 2404 | 2715 
51.10 ; 2467 | 2819 


Vint co}erupad] BO] 
ie mle on 


a 
C) 


|r Go| 
) 


nao in nO 
ole jet ere 


18” X 21” Section. 


5X32%8 4 ‘ 1779 
+ “ 1853 
1925 
1995 
2065 


2135 
2204 


1883 
1954 
2024 
2093 
2161 
2229 
2296 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 


TABLE 84.—Continued. 
Properties OF Tor CHORD SECTIONS. 


Propertion Four Anes 


0) an 
Top Chord Sections. Three Plates. 
Plates. Angles. pea of ae Oe Gyra- 
—|Gross Area.| Eccen- — ————— 
tricity.| axis | Axis | Axis | Axis 
Section A-A. | B-B. | A-A. | B=B. 
Number. Web. Cover. Top. Bottom. 
A e Ia Iz Ta Tp 
Inches. Inches. Inches. Inches. Inches?. | Inches.|Inches*.|Inches‘.| Inches. Inches. 
*1449 18x arct | 34x34x3 | 5x34 | 36.96 | 1-96 | 1975 | 1957 | 7-3° 7-28 
*T450 let “ se Ses 39.21 1.84 | 2045 | 2053 | 7-22 | 7-24 
1451 we = ¢ se 41.46 1.74 | 2112 | 2147 | 7-14 | 7-20 
1452 Ses i se U4 43-71 1.65 | 2180 | 2242 | 7.06 7.16 
1453 eee es io s 45.96 | 1.57 | 2247 | 2335 | 6.99 | 7-13 
1454. ety Sf s s 48.21 1.50 | 2313 | 2427 | 6.93 | 7-10 
1455 are 4 se so 50.46 | 1.43 | 2379 | 2518 | 6.87 | 7-07 
*1456 18x$ 21x} 33x3ix$ | 5x32%16 | 37-90 1.71 | 2066 | 2033 | 7-38 | 7-32 
*1457 aes 3 os £ g 40.15 1.61 | 2134 | 2129 | 7-29 | 7-28 
1458 ee; a ss 42.40 1.53 | 2200 | 2224 | 7.19 | 7.24 
1459 “ts Wy cs & 44.65 1.45 | 2265 | 2318 | 7-12 | 7-21 
1460 cea id < ef 46.90 1.38 | 2331 | 2411 | 7-05 | 7-17 
1461 “ae sf < ne 49.15 1.32 | 2395 | 2503 | 6.98 | 7-14 
1462 ee is a s 51.40 1.26 | 2460 | 2594 | 6.92 | 7-10 
*1 463 18x$ 21x 34x3hx$ | 5x32x8 38.80 | 1.48 | 2145 2106 | 7.44 | 7.37 
*1 464 “J. cf ae a 41.05 1.40 | 2211 | 2203 | 7-34 | 7-33 
1465 sere * se . 43.30 1.33 | 2276 | 2298 | 7-25 | 7-29 
1466 “ te HE i “| 45.55 | 1.26 | 2340 | 2392 | 7-17 | 7-25 
1467 3 & se s 47.80 1.20 | 2405 | 2485 | 7-09 | 7-21 
1468 it a cf st 50.05 1.15 | 2439 | 2577 | 7-02 7.18 
1469 rs sf se ste 52.30 1.10 | 2532 | 2668 | 6.96 | 7.14 
ae ay 21X3 32X32%6 5x34X16 Pe 147 a4 a be ee 
1471 : 2 , : 
1472 m4 i se 4 cf 44.20 1.14 | 2351 | 2371 | 7-29 | 7-33 
1473 SG) & < 2 46.45 | 1.09 | 2415 | 2465 | 7.2 | 7.29 
1474 pete sf 2 ce 48.70 | 1.04 | 2478 | 2558 | 7-13 | 7-25 
1475, 4h ce Og ss 50.95 | 0.99 | 2542 2650 | 7.06 | 7.21 
1476 a ee Es = 53-20 | 0.95 | 2604 | 2741 | 7.00 7.18 
*1477 18x% 21x} 3ixzhxg | 5x32x% 40.58 1.08 | 2293 | 2255 | 7-51 | 7-45 
*1478 ene = if “ 42.83 1.02 | 2356 | 2351 | 7-42 | 7-41 
1479 ae - es rf 45.08 | 0.97 | 2419 | 2446 | 7-32 | 7-37 
1480 re € ee 2 47-33 | 0-93 | 2481 | 2540 | 7-24 | 7-33 
1481 eS s e ee 49.58 | 0.89 | 2546 2633 | 7-16 | 7-29 
1482 «i e oe fe 51.83 0.85 | 2607 | 2725 | 7-09 | 7-25 
1483 “ge J 4 uy 54.08 0.81 | 2670 | 2816 | 7.03 | 7-21 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84.—Continued. 
PROPERTIES OF Top CHorp SECTIONS. 


Properties 


: Four Angles 
ce) 
Top Chord Sections. 


and 
Three Plates. 


Angles. Moments of | Radii of Gyra- 
Inertia. tion. 
Gross Area. a 

Section race ae b rere Bb 

Number. Web. Cover. Top. Bottom, : ic Z i 
A e I, Ip 
Inches.. Inches. Inches. Inches. Inches?._| Inches. |Inches‘.| Inches‘.|Inches. |Inches. 
18” X 22” Section. A Series, 

#1484 18xzg | 22x35 3x3x8 | 4x3x$ | 35.93 | 2.65 | 1735 | 2170 | 6.95 | 7.77 
1485 oe as _ : 38.18 2.49 | 1811 | 2297 | 6.89 | 7.76 
1486 os % 5 e 40.43 2.35 | 1885 | 2422 | 6.83 | 7.74 
1487 “3 . F fs 42.08 | 2.23 | 1957 | 2545 | 6.77 | 7.72 
1488 “in 44.93 2.12 | 2028 | 2667 | .6.72 | 7.70 
1489 “4 eB os * 47.18 2.02 | 2099 | 2787 | 6.67 | 7.68 

*1490 18x75 22x3 3X3X8 4x3X16 36.71 2.42 | 1823 | 2240 | 7.05 | 7.81 
1491 “4 A . " S 38.96 | 2.28 | 1896 | 2367 | 6.98 | 7.80 
1492 “6 FS " . 41.21 2.16 | 1¢68 | 2492 | 6.91 | 7.78 
1493 aes Bs te 2 43-46 2.05 | 2038 | 2615 | 6.85 | 7.76 
1494. Dei “ - - 45-71 | 1.94 | 2108 | 2737 | 6.79 | 7.74 
1495 £ 47-96 | 1.85 | 2177 | 2857 | 6.74 | 7.72 

*1406 18x75 22x} 3X3X8 4X3X3 37-47 | 2.21 | 1904 | 2310 | 7.13 | 7.85 
1497 ae ‘ x ~ 39-72 | 2.09 | 1975 | 2437 | 7.05 | 7.83 
1498 78 - ‘ i 41.97 1.97 | 2045 | 2562 | 6.98 | 7.81 
1499 oh, i a - 44.22 1.87 | 2114 | 2685 | 6.92 | 7.79 
1500 3 ; ‘: 46.47 1.78 | 2182 | 2807 | 6.85 | 7.77 
1501 ie 48.72 | 1.70 | 2250 | 2927 | 6.80 | 7.75 

*1502 18x75 22x} 3x3x3 | 4x3x35 38.21 2.02 | 1979 | 2379 | 7.20 | 7.89 
1503 oe 4 ps 9 40.46 1.90 | 2048 | 2506 | 7.12 | 7.87 
1504 i 16 . i 2 42.71 1.80 | 2117 | 2631 | 7.04 | 7.85 
1505 3 44.96 | 1.71 | 2184 | 2754 | 6.97 | 7.83 
1506 eH iad oe 6 47.21 1.63 | 2251 | 2876 | 6.90 | 7.80 
1507 “3 Bf oe Ge 49.46 1.56 | 2318 | 2996 | 6.85 | 7.78 

*1508 18xz5 22x} 3x3xe 4x3x8 38.93 1.83 | 2049 | 2445 | 7.26 | 7.93 
1509 C 3, : “s > 41.18 1.73 | 2118 | 2572 | 7.17 | 7.90 
I5IO ts 43.43 1.64 | 2185 | 2697 | 7.09 7.88 
ISII ee # a OF 45.68 1.56 | 2251 | 2820 | 7.02 | 7.86 
1512 “it iS is ss 47-93 | 1.49 | 2317 | 2942 | 6.95 | 7.84 
1513 he i Z ie 50.18 1.42 | 2383 | 3062 | 6.89 | 7.81 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84.—Continued. 
PROPERTIES OF Top CHORD SECTIONS. 


Properties 
oO! 
Top Chord Sections. 


Four Angles 
and 
Three Plates. 


Plates. Angles. Moments of | Radii of Gyra- 
Inertia. tion. 

Gross Area.| Eccen- | 

Axis Axis Axis Axis 


Section = = a = 
Number. Web. Cover. Top. Hsttowtss|/ 482 AEA || BoB) SAN Bee: 


A Ta Ip TA Tp 


Inches. Inches. Inches. Inches. Inches?, | Inches. |Inches‘. 


Inches‘.| Inches. 


*I514 18x15 22x3 3X3X5 4X3X76 39-65 1.65 | 2116 | 2513 | 7-30 | 7-96 
1515 ae ¥ is i. 5 41.90 1.57 | 2183 | 2640 | 7-22 | 7.94 
1516 a 5. 44.15 1.49 | 2249 | 2765 | 7.14 | 7-92 
1517 ine 4 re . 46.40 1.41 | 2314 | 2888 | 7.06 | 7.89 
1518 ¥ 16 3 ¥ e 48.65 1.34. | 2379 | 3010 | 6.99 | 7.87 
1519 3 50.90 | 1.29 | 2444 | 3130 | 6.93 | 7.84 
*1520 18x76 22x 3X3x8 4X35 40.35 1.49 | 2177 | 2581 | 7-35 | 8.00 
1521 rag ¥ 2 % 42.60 1.41 | 2243 | 2708 | 7.26 | 7.97 
1522 6 44.85 1.34 | 2308 | 2833 | 7-17 | 7-95 
1523 ee mt a & 47.10 1.28 | 2372 | 2956 | 7.09 | 7.92 
1524 “ 6 % ee © 49-35 | 1-22 | 2437 | 3078 | 7.03 | 7-90 
1525 geah| ie e e 51.60 | 1.17 | 2501 | 3198 | 6.96 | 7.87 
18” X 22” Section. B Series. 

#1526 18x% 22X% 39%33%5 5X33%5 35.56 2.59 | 1801 | 2052 | 7.11 } 7-60 
1527 x 16 i. * a 37.81 2.43 | 1877 | 2166 | 7.05 | 7.57 
1528 z 40.06 2.30 | 1950 | 2277 | 6.98 | 7.54 
1529 Ca rs if ss 42.31 2.17 | 2021 | 2386 | 6.92 | 7-51 
1530 Con oe ee “s 44.56 2.06 | 2093 | 2493 | 6.86 | 7.48 
1531 are “ ¥ ve 46.81 1.96 | 2163 | 2599 | 6.80 | 7-45 
1532 ae - “ ° 49.06 1.87 | 2232 | 2702 | 6.75 | 7-42 

*1033 18x5 22X3 32X32%8 5X33X16 36.52 2.31 | 1906 | 2137 | 7-23 | 7-65 

*1534 4 16 %, *s i 38.77 | 2.18 | 1978 | 2250 | 7.14 | 7.62 
1535 Bee 5 fs E 41.02 2.06 | 2049 | 2361 | 7.07 | 7.59 
1536 ae a é * 43-27 1.95 | 2118 | 2470 | 7.00 } 7.56 
1537 3 45.52 | 1.85 | 2188 | 2577 | 6.93 | 7.53 
1538 aes . ;. , 47-77 Le 2257 — 67 7.50 
1539 3 50.02 me 2324 | 2787 | 6.82 | 7.47 

*I540 18x§ 2254 33X33%8 5X33%3 37.46 2.05 | 2002 | 2222 | 7.31 | 7.70 

*I541 es ~ i 5 39.71 | 1.93 | 2072 | 2335 | 7.22 | 7.67 
1542 é, 2, be ce 41.96 1.83 | 2141 | 2446 | 7.14 | 7-64 
1543 16 44.21 1.74 | 2208 | 2555 | 7.06 | 7.60 
1544 beg at ce ee 46.46 1.65 | 2276 | 2662 | 7.00 | 7.57 
1545 ate 2 E % 48.71 | 1.58 | 2343 | 2768 | 6.94 | 7-54 
1546 oe “C Ge 25 50.96 1.15 | 2409 | 2872 | 6.88 | 7.51 


of plate. 


* Spacing of rivet lines of web greater than 30 X thickness 
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TABLE 84.—Continued. 
PROPERTIES OF Tor CHORD SECTIONS. 


Properties 
fo} 
Top Chord Sections. 


Four Angles 
and 
Three Plates. 


Plates. Angles. Moments of Radii of Gyra- 
Inertia. tion. 
rat = Gross Area,| Eccen- 


f tricity. : f FER Asda 
Section Ace. | Bo) Bo eee 
A e I, Ip TAs TB 
Inches. |Inches‘.| Inches*.| Inches. | Inches. 
31547 18x5, 22x35 32X32%8 5x32X16 38.40 1.81 | 2093 | 2306 | 7.38 | 7.75 
1548 ia * 3 40.65 1.71 | 2161 | 2419 | 7.29 |ey7.7r 
1549 ak * 3 cs 42.90 1.62 | 2229 | 2530 | 7.21 | 7.68 
1550 «a7 , 7 . 45-15 | 1.54 | 2294 | 2639 | 7.13 | 7-64 
1551 ea ® . 47.40 1.47 | 2360 | 2746 | 7.06 | 7.61 
1552 eu 3 i - 49.65 1.40 | 2426 | 2852 | 6.99 | 7.58 
1553 a i 51.90 | 1.34 | 2491 | 2956 | 6.93 | 7-54 
"1554 18x% 22x | 38X35x3 | 5x32x§ | 39.30 | 1.58 | 2177 | 2388 | 7.44 | 7-80 
1555 ; 16 > % % 41.55 E.50 | 2243 | 2502 | 7.395 Wegage 
1556 Le 7 . E 43.80 1.42 | 2309 | 2613 | 7.26 | 7.73 
1557 Te é 9 4 46.05 1.35. | 2373 | 2722 || 7etS7 iu 
1558 me A a . ‘a 48.30 1.29°| 2438 | 2829 | 7.11 | 7.66 
1559 pets: 3 “A 50.55 1.23 | 2502 | 2935 | 7.04 | 7.62 
1560 He y ne ihe 52.80 1.18 | 2566 | 3039 | 6.97 | 7.59 
51561 18x5 22%} 32X33%8 5x33x3% |- 40.20 1.37 | 2255 | 2470 | 7.49 | 7.84 
1562 ats 4 iy , 42.45 1.30 |; 2320 | 2584°| 7.39 | 7.80 
1563 a: 3 . : 44.70 | 1.24 | 2385 | 2695 | 7.30 ) 7.77 
1564 Me Me E 4 46.95 1.18 | 2448 | 2804 | 7.22 | 7.73 
1565 tan a * ; 49.20 T.12 || 2672 || 291n ||| 7. TGuey.09 
1566 , 78 3 51.45 1.07 | 2576 | 3017 | 7.08 | 7.66 
1567 * S pe “f 53-70 1.03 | 2639 | 3121 | 7.01 | 7.63 
*1568 18x95 22x} 32X35%8 5x32x4 41.08 1.18 || 2426 || 2563) 7 Game eG 
1569 : 16 : s a 43-33 1.12 | 2390 | 2667 | 7.43 | 7.85 
1570 Dy “ 5 rm 45.58 1.06 | 2454 | 2778 | 7.34 | 7.81 
1571 aa 5, ; ; 47.83 LOD ||. 2516: | 02887 | 7.26) a ees 
1572 ie i % E. §0.08 | 0.97 | 2579 | 2994 | 7.17 | 7.73 
1573 eu z: x . 52.33 0.93 | 2642 | 3100 | 7.11 | 7.70 
1574 4 54.58 0.89 | 2705 | 3204 | 7.04 | 7.66 
A Series. 
ei575 20x}, 23X3 32X33%8 5x33x8 42.56 2.51 | 2530 | 2697 | 7.71 | 7.97 
1576 16 7 : 9 45.06 2.37 | 2628 | 2836 | 7.64 | 7.94 
1577 ee “ 47-56 | 2.25 | 2724 | 2973 | 7-57 | 7.91 
1578 i is ig 50.06 2.13 | 2820 | 3107 | 7.51 | 7.88 
1579 et ny % fe 52.56 | 2.03 | 2914 | 3239 | 7-45 | 7.85 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84.—Continued. 
PROPERTIES OF Top CHORD SECTIONS. 


Frou ues 
o! 
Top Chord Sections. 


Four Angles 


an 
Three Plates. 


Plates. Angles. ee oe ba Rad geet 


tricity.| Axis. | Axis | Axis | Axis 
Number. Web. Cover. Top. Bottom. A-A. | B-B. | A-A. | BOB. 


A e I, Ip fo TB 


Inches. Inches. Inches. Inches. Inches?. | Inches, |Inches#.|.nchest. Inches.| Inches. 


| *1580 20X3, 23X2 34x3hx3 | sxghxa’s | 43-52 | 2.25 | 2655 | 2790 7.81 | 8.01 
1581 we = sf c 46.02 | 2.13. | 2750 | 2929 | 7-73 | 7:98 
1582 fp - 48.52 2.02 | 2844 | 3066 | 7.66 | 7.95 
1583 Aas e is ss 51.02 | 1.92 | 2938 | 3200 | 7-59 | 7-92 
1584 Ff : es 53.52 | 1.83 | 3029 | 3332 | 7-52 | 7-89 

*1585 20x} 23X3 3ix3kxd | 5x32x3 44.46 | 2.02 | 2769 | 2884 | 7-89 8.06 
1586 “36 : ix a 46.96 | 1.91 | 2862 | 3023 | 7-81 | 8.03 
1587 a) = Gh 49.46 | 1.82 | 2954 | 3160 | 7.73 | 8.00 
1588 eu ig @ 51.96 | 1.73 | 3046 | 3294 | 7-66 7.96 
1589 “4 £ s : 54.46 | 1.65 | 3136 | 3426 | 7-59 | 7-93 

*1590 20x}, agxh | gixghxd | sxadxve | 45-40 | 1-79 2880 | 2978 | 7-97 | 8-10 
1591 ms a ; cc 47-90 1.70 | 2971 | 3117 | 7:89 8.07 
1592 oe . 50.40 1.62 | 3061 | 3254 | 7.80 | 8.04 
1593 5 16 * z G3 52.90 | 1.54 | 3151 | 3388 | 7-72 | 8:00 
Bod 4 ss 55.40 | 1.47 | 3239 | 3520 | 7-64 | 7-97 

*1595 20x}, 23X3 32x: dx3 | 5x32x5 46.30 | 1.59 | 2980 | 3068 | 8.03 8.14 
1596 ae . , « 48.80 | 3.50 | 3069 | 3207 | 7.93 | 8.11 
1597 eae we oe 51.30 1.43 | 3158 | 3344 | 7-85 8.07 
1598 “6 a : =e 53.80 | 1.36 | 3247 | 3478 | 7-77 | 8.04 
1599 4 : 56.30 1.30 | 3334 | 3610 | 7-70 8.01 

*1600 20X3, 23X2 32X32%8 5x33xt6 | 47-20 1.39 | 3077 | 3159 | 8.08 | 8.18 
1601 rs 16 . By a 49-70 1.32 | 3164 | 3298 | 7.98 8.14 
1602 ae “4 . i 52.20 1.26 | 3251 | 3435 | 7-90 | 8.11 
1603 a i6 y. f i 54.70 1.20 | 3339 | 3569 | 7-82 | 8.08 
1604 4 57-20 1.15 | 3426 | 3701 | 7-74 8.05 

*1605 20x 23xt 3hxjixd | 5x34xt | 48.08 | 1.21 3164 | 3251 | 8.11 | 8.23 
1606 Pog aS ie S 50.58 | 1.15 | 3250 | 3390 | 8.02 | 8-19 
1607 ee 4 se S $3.08 | 1.09 | 3336 | 3527 | 7-93 | 8-15 
1608 ey i. oe S 55-58 1.04 | 3423 | 3661 | 7.85 | 8.12 

a ° <c 58.08 | 1.00 | 3509 | 3793 | 7-77 | 8.08 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84.—Continued. 
PROPERTIES OF Top CHORD SECTIONS. 


Prepestics 
te) 
Top Chord Sections. 


Eccen- 
tricity. 


Section 
Number. Web. Cover. Top. Bottom. 


A 


Inches. Inches. Inches. Inches*. 


20’ X 23” Section. B Series. 


*1610 i 6x4xq5 43.98 
1611 os 46.48 
1612 48.98 
1613 51.48 
1614 53-98 
1615. 56.48 


*1616 xz , 45.12 
‘1617 s 47.62 
1618 50.12 
1619 52.62 
1620 55.12 
1621 ‘ 57.62 


*1622 7 46.24 
1623 3 48.74 
1624 51.24. 
1625 : 53-74 
1626 56.24 
1627 58.74. 


*1628 
1629 
1630 
1631 
1632 
1633 


*1634 
1635 
1636 
1637 
1638 
1639 


v 
Oo 
o 


Pearce i aoe ae 


47:34 

49.84 1.43 
52.34 1.36 
54.84 1.30 
57:34 1.24 
59.84. 1.19 


48.42 1.28 
50.92 1.22 
53-42 1.16 
55.92 LiE 
58.42 1.06 
60.92 1.02 


rs) 

20 
tal 
of 


son Hote} lost 


Four Angles 
and 
Three Plates. 


Moments of 
Inertia. 


Axis 
A-A. 


I, 


Inches!. 


2782 
2877 
2973 
3066 
3158" 
3250 


2919 
3012 
3104 
3195 
3285 
3376 


3050 
3140 
3230 
3319 
3408 
3497 


3170 
3258 
3347 
3434 
3521 
3609 


3279 
3366 
3453 
3539 
3625 
3712 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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Axis Axis 
B-B. | A-A. 


Ip Ta 


Inches‘.| Inches. 


Radii of Gyra- 
tion. 


BODO DO ~TWIAy DDO aa & G0 
NAGE SR RIRFSKS 


EA Pes IS Bates fs So lee tien pe Resse is is ee 
Of OB 


TABLE 84.—Continued. 
PROPERTIES OF Top CHORD SECTIONS. 


Four Angles 


Properties 
f an 
Three Plates. 


o! 
Top Chord Sections. 


Moments of | Radii of Gyra- 
ae Inertia. tion. 
Gross Area.| tricity. : ; ; é 
Section: Axis Axis Axis Axis 
Number. Web. Cover. Top. Bottom. A-A, | B-B.)| A-A. |, BOB. 
A e Ta Ip Ta TB 
Inches. Inches. Inches. Inches. Inches?. |Inches. |Inchest.| Inches‘. Inches. | Inches. 

*1640 20x_ 23X4 44X76 6x4x4 49.50 1.06 | 3384 | 3265 | 8.27 | 8.12 
1641 see + ie sea 52.00 1.01 | 3470 | 3389 | 8.17 | 8.07 
1642 oS rt if «| z4so | 0.96 | 3556 | 3510 | 8.08 | 8.02 
1643 <8 fe : ‘a 7.00 | 0.92 | 3041 | 3629 | 7-99 | 7-98 
1644 ate “i _ 3 59.50 | 0.88 | 3726 | 3746 | 7-91 | 7-93 
1645 ae ia - ss 62.00 0.85 | 3812 | 3861 | 7.84 | 7-89_ 

20 X 24” Section. A Series. 

*1646 20x}, 24xze | 32%32%8 5x33x3 | 44.56 | 2.87 | 2651 | 3104 | 7-72 | 835 
1647 re H rs 5 47.06 2.71 | 2754 | 3262 | 7.65 |. 8.33 
1648 oe m a * 49.56 2.67 | 2855 | 3418 | 7.59 | 8.31 
1649 “xe : : 52.06 | 2.45 | 2954 | 3572 | 7-54 | 8.29 
1650 + : ‘ 54.56 234 | 3051 | 3724 |. 7-48 | 8.27 

EGET 20x% 24X16 32X32%8 5X3 5X16 45.52 | 2.61 | 2784 | 3207 | 7-82 8.39 |. 
1652 16 . . iS 48.02 2.48 | 2883 | 3365 | 7-75 | 8-37 
1653 ae y. . 50.52 2.36 | 2980 | 3521 | 7.68 | 8.34 
1654 ‘ q - 53.02 2.25 | 3077 | 3675 | 7-62 | 8.32 
1655 Z a 4 55.52 | 2-14 | 3173 | 3827 | 7-56 | 8-30 

*1656 20x} 24X76 34x3hx2 | 5x32x2 46.46 2.38 | 2907 | 3310 | 7-91 | 8.44 
1657 # +e * ee 48.96 2.26 | 3003 | 3468 | 7.83 | 8.41 
1658 Oi ee a 51.46 2.15 | 3098 | 3624 | 7-76 | 8.39 
1659 parte is is s 53.96 | 2.05 | 3193 | 3778 | 7-69 | 8.37 
1660 mane = Me Se 56.46 1.96 | 3286 | 3930 | 7.63 | 8.34 

*7661 20x5 as-8s | 33x33x$ | 5x33xa6 | 47-40 2.16 | 3024 | 3413 | 7.98 | 8.49 
1662 x ts v os 49.90 | 2.05 | 3118 | 3571 | 7-90 8.46 | 
1663 ie 52.40 1.95 | 3211 | 3727 | 7-83 | 8.44 
1664 sy dh s a s 54.90 | 1.86 | 3305 | 3881 | 7-76 | 8-41 
G05 eed * , 57.40 | 1.78 | 3396 | 4033 | 7-69 | 8.38 
*1666 20x 24x, | 34x34x$ | 5x33x8 48.30 | 1.95 | 3132 | 3513 | 8.05 8.53 
1667 5 ‘. ‘ es 50.80 | 1.86 | 3224 | 3671.) 7-97 8.50 
1668 ce ‘x se a 53.30 | 1.77 | 3315 | 3827 | 7:89 | 8.47 
1669 « + a S 55.80 1.69 | 3407 | 398 | 7-81 | 8-45 

__1670 ae | i. = 2 58.30 | 1.62 | 3497 | 4133 | 7-74 | 8-42 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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Esaperics 


oO 
Top Chord Sections, 


TABLE 84.—Continued. 
PROPERTIES OF Top CHoRD SECTIONS. 


Four pate 


an 
Three Plates. 


176 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 


Moments of | Radii of Gyra- 
Gross Area,| Eccen- Inertia. tion. 
Section my: Axis | Axis | Axis | Axis 
Number. Cover. Top. Bottom. £4 1 Pe ee 
A I, Ip Ta TB 
Inches, Inches. Inches?. | Inches. |Inches‘.|Inches‘.| Inches. | Inches. 

*I671 20x} 24xy— | 32%35X8 | 5x32x7¢ | 49.20 1.76 | 3234 | 3613 | 8.11 | 8.57 
1672 ¥ 16 x is * 51.70 1.67 | 3325 | 3771 | 8.02 |°8.54 
1673 aes i k ig 54.20 1.60 | 3414 | 3927 | 7.94 | 8.51 
1674 7 Té u ; 56.70 1.53 | 3504 | 4081 | 7.86 | 8.48 
1675 Z 59.20 | 1.46 | 3593 | 4233 | 7.79 | 8.45 
*1676 20x} 24xa— | 32X32Xe | 5x33x2 50.08 1.57 | 3329 | 3714 | 8.15 | 8.61 
1677 Gay c cS 52.58 1.50 | 3418 | 3872 | 8.06 | 8.58 
1678 ¥ s rs zs - 55.08 1.43 | 3506 | 4028 | -7.98 | 8.55 
1679 te 57-58 | 1.37 | 3595 | 4182 | 7.90 | 8.52 
1680 poe < ae « 60.08 1.31 | 3683 | 4334 | 7-83 | 8.49_ 

20’ X 24” Section. B Series. 

*T681 20x75 24xy5 4xqxqe | Ox4xqy 45.98 2.65 | 2910 | 3134 | 7.95 | 8.26 
1682 soe a % s 48.48 2.51 | 3009 | 3276 | 7.88 | 8.22 
1683 % 6 e a 50.98 2.39 | 3108 | 3415 | 7.81 | 8.18 
1684 A . - a i 53-48 2.28 | 3205 | 3552 | 7.74 | 8.15 
1685 45 55-98 2.17 | 3300 | 3687'| 7.68 | 8.11 
1686 “2 re % es 58.48 2.08 | 3396 | 3820 | 7.62 | 8.08 

*1687 20x75 24X16 4x4x75 6x4x3 47.12 2.37 | 3056 | 3257 | 8.05 | 8.31 
1688 ae a i 49.62 2.25 | 3152 | 3399 | 7.97 | 8.28 
1689 hs 2 i; 52.12 2.14 | 3248 | 3538 | 7.90 | 8.24 
1690 ae _ i ie 54.62 2.05 | 3343 | 3675 | 7.82 | 8.20 
1691 x te 3 i 57.12 1.96 | 3435 | 3810 | 7.76 | 8.17 
1692 r 59.62 1.87 | 3528 | 3943 | 7.69 | 8.13 

*1693 2oxre | 24x16 | 4x4xiq | Ox4xie | 48.24 | 2.11 | 3194 | 3375 | 8.14 | 8.37 
1694 a 7 . jt 50.74. 2.01 | 3288 | 3517 | 8.05 | 8.33 
1695 he 7 i » 53.24 1.91 | 3381 | 3656 | 7.97 | 8.29 
1696 e 5 55-74 | 1.83 | 3473 | 3793 | 7.89 | 8.25 
1697 “u se Ss 58.24 1.75 | 3564 | 3928 | 7.82 | 8.21 
1698 33 SS ee 60.74 | 1.68 | 3655 | 4061 | 7.76 | 8.17 

*1699 20xq% | 24xi% | 4x4xzq | 6x4x§ 49-34 | 1.87 | 3323 | 3495 | 8.21 | 8.41 
1700 ek = a ~ 51.84 1.78 | 3414 | 3637 | 8.12 | 8.38 

oe 9 “ “ it 3 
1701 ae 5: i 54.34 1.70 | 3506 | 3776 | 8.03 | 8.34 
1702 ae a z « 56.84 1.62 | 3595 | 3913 | 7.95 | 8.30 
1703 it A: e : 59.34 1.55 | 3685 | 4048 | 7.88 | 8.26 
1704 a 8 61.84 1.49 | 3775 | 4181 | 7.81 | 8.22 


TABLE 84.—Continued. 
Properties of Tor CHorp SECTIONS. 


Properties : i K Four Cs 


of yoceeeals 0 £ 
Top Chord Sections. Three Plates. 


Moments of Radii of Gyra- 
Inertia. tion. 


Gross Area.) Eccen- 
tricity-| axis | Axis | Axis | Axis 
AEAe | BeBal AaAsy | BoRe 


Ia Ip TB 


Inches. ° .|Inches‘.| Inches‘. .| Inches. 


*1705 
1706 
1707 
1708 

_ 1709 
1710 


6x4x4¢ ; : 3441 | 3615 
e 3539 | 3757 
3620 | 3896 
3708 | 4033 
3796 | 4168 
3885 | 4301 


ble 
‘ale 


colon 
I 


Cat 


FTF LT 
1712 
1713 
1714 
171S 
1716 


3554 | 3733 
3642 | 3875 
3730 | 4014 
3817 | 4151 
3904 | 4286 
3992 | 4419 


miehaionl hl 


3839 
3967 
4093 
4219 


nv 
al 


cn eagle 


PEAT 
1718 
1719 
1720 


a 
co 00 00 CO 
OntN 


. 
a 


8 


*1721 fs |33%x32xr6 | 5x33x16 . : 3983 
1722 se ss : 4108 
1723 ‘ ; 4232 
1724 5 . 4355 


oo & & 


NO BRS w& DOO 


*1725 iL ; ; 4116 
1726 sf ; : 4238 
1727 A A 4361 
1728 : i 3 4483 


Col cdlsal scl coco caso Sa oa ooo 


bo 1.0 © 


*1729 S X16 A 33 axi6 ; ‘ 4242 
1730 : . 4303 
1731 . . 4483 
1732 : 5 4603 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84.—Continued. 
PROPERTIES OF Tor CHORD SECTIONS. 


Properties As Four Angles 
va “""e d 


oO! < = s an 
Top Chord Sections. Three Plates. 


Plates. Moments of | Radii of Gyra- 
Inertia. tion. 


nee Axis | Axis | Axis | Axis 
ection A-A. | B-B. | A-A. | B-B. 
Number. ° : Bottem., |= = —— 


A Ta Ip TA TB 


Inches, i Inches. Inches?. | Inches. |Inches‘.|Inches‘.| Inches. | Inches. 


1733 } 25X36 ix Sx3gKe 56.17 1.77 | 4361 | 4570 | 8.81 | 9.02 
1734 oe ee 58.92 1.69 | 4480 | 4764 | 8.72, | 8.99 
1735 o 61.67 1.62 | 4598 | 4955 | 8.63 | 8.96 
1736 i 64.42 1.55 | 4716 | 5144 | 8.55 | 8.93 


*1737 
*1738 
1739 
1740 
1741 


jon 


olen 
es 


ob 


RRA ON 
HO ALL 


wleor 


*1742 
*1743 
1744 
1745 
1746 


*T747 
*1748 
1749 
1750 
1751 


poets 


Dos AHRADD 


BAO On Qanok KHPNHMNO SQAQDSE ni MNO 


iad 
2 an 

eiempecin h Ls Stee 

lo 
: oa 4 
zs 
92 00 00 90.0 
QT VS 8 
| 
EEE ne Ve 


Bloor 
2) 


je 


Lcojen 
ne 


Blo 
o 


*1752 
*1753 
1754 
1755 
1756 


*1757 
*1758 
1759 
1760 
1761 


92 99 90.90.99 90.90.90. 99.90 99.99.90. 90.90 G0 90 90 G0 OS 


ADDO AQWIw® HAYS 
ORANNA FHOOCO OALRHA 


92 90.60.9090 G9 99.99.00 99.0 G0:9090 go.90.90.00 9990 90 G0 G0 GO 


YUbmmD ANUDD BOVIS 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84.—Continued. 
PROPERTIES OF Top CHORD SECTIONS. 


exsperas 
° 
Top Chord Sections. 


Four eects 


an 
Three Plates. 


Plates Racles Moments of Radii of Gyra- 


G pe Becsne Inertia. tion. 
Toss ea. os 
eee tricity.| Axis | Axis | Axis | Axis 
Number. Web. Cover. Top. Boston: pl A-A. | B-B. | AvA. | B=B- 
A e I, Ip Ta TB 
Inches. Inches. Inches. Inches. Inches?. | Inches. |Inches‘.| Inches‘. Inches. Inches. 
22! X 26” Section. A Series. 

*1762 22x75 26x58 32X32X16 | 5x33x} 54.74 | 2.93 | 4006 | 468r | 8.56 | 9.25 
1763 oF = 57-49 2.80 | 4138 | 4901 | 8.48 | 9.23 
1764 Saat ei Fe a 60.24. 2.67 | 4270 | 5116 | 8.41 | 9.21 
1765 Sa ad <3 se 62.99 2.54 | 4402 | 5326 | 8.36 | 9.19 

*1766 22x76 . 26x5 32%33%16 5X33X16 55.68 2.71 | 4160 | 4804 | 8.64 | 9.29 
1767 3 58.43 | 2.59 | 4289 | 5024 | 8.57 | 9.27 
1768 ae a 2 iM 61.18 2.47 | 4418 | 5239 | 8.50 | 9.25 
1769 ‘a4 5 * a 63.93 | 2.36 | 4546 | 5449 | 8.43 | 9.23 

*1770 22x76 26x5 32X32X16 5X33x8 56.58 2.51 | 4300 | 4923 | 8-72 | 9.33 
1771 ne a 59.33 | 2.40 | 4427 | 5143 | 8.64 | 9.31 
1772 att e - . 62.08 | 2.29 | 4554 | 5358 | 8.57 | 9.29 
1773 2 64.83 | 2.19 | 4679 | 5568 | 8.50 | 9.27 

*1774. 2oxes | 26x | 34x34xz5| 5x3} | 57-48 | 2.32 | 4436 | 5042 | 8.78 | 9.37 

cc 5 “ “ “ 
1775 8 60.23 2.21 | 4562 | 5262 | 8.70 | 9.35 
1776 «an oi se eee 62.98 2.11 | 4686 | 5477 | 8.63 | 9-33 
1777 “¢ se be vw 65.73 2.02 | 4809 | 5687 | 8.56 | 9.31 
*1778 22x75" 26x$ 3ix3hxq6 | 5x32x% 58.36 2.14 | 4560 | 5163 | 8.84 | 9.41 
os “ “ce “ 
1779 $ 61.11 2.04 | 4684 | 5383 | 8.76 | 9.39 
1780 it . z oa 63.86 1.95 | 4806 | 5598 | 8.68 | 9 36 
1781 Be f SS oH 66.61 1.87 | 4927 | 5808 | 8.60 | 9.34 
X 26” Section. 
SSS 

*1782 22x}, 26x5 4xqxre | Ox4xd 54.37 | 2.83 | 4148 | 4475 | 8.73 | 9.07 
1783 5 ie x 2 2 57-12 2.69 | 4280 | 4672 | 8.65 | 9.04 
1784 z 59.87 2.57 | 4410 | 4866 | 8.57 | 9.01 
1785 “at f it aa 62.62 2.46 | 4538 | 5058 | 8.51 | 8.99 
1786 6S o cS s 65.37 2.36 | 4664 | 5247 | 8.45 | 8.96 

*1787. 22x}, 26x5 4x4xie | Ox4xie | 55-49 | 2-57 | 4325 4619 | 8.82 | 9.12 
1788 “16 ‘. : 58.24 | 2.45 | 4453 | 4816 | 8.74 | 9.09 
1789 ae a a 60.99 2.34 | 4580 | 5010 | 8.66 | 9.06 
1790 i 63.74 | 2.24 | 4705 | 5202 | 8.59 | 9.03 
1791 ee se se hy 66.49 2.15 | 4829 | 5391 | 8.52 | 9.00 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84.—Continued. 
PROPERTIES OF Torp CHORD SECTIONS. 


Properties - | Four Angles 
of = = - and 
Top Chord Sections. Three Plates. 


Plates. Angles. Moments of | Radii of Gyra- 


E Inertia. tion. 
—|Gross Area.| /Ccen- 
tricity. 


Section zz Axis Axis Axis | Axis . 
Number. Cover. Top. Bottom. A-A. | B-B. | A~A. | BOB. : 


A Ta Ip TA 


Inches. Inches. 5 Inches?. Inches‘. | Inches!.| Inches. E { 


26x% 4X4076 x 56.59 4490 | 4761 | 8.91 

59-34 4614 | 4958 | 8.82 
62.09 i 4738 | 5152 | 8.74 
64.84. : 486: | 5344 | 8.66 : 
67.59 4984 | 5533 | 859 | 9: . 
57-67 4642, | 4904 | 8.97 | 9- . 
60.42 4764 | 5101 |. 8.88 
63.17 4886 | 5295 | 8.80 
65.92 : 5007 | 5487 | 8.72 
68.67 5128 | 5676 


58.75 ‘ 4790 | 5046 
61.50)" 4911 | 5243 
64.25 5031°| 5437 
67.00 é 5150 | 5629 
69.75 3 5268 | 5818 


pee = 


C) 


vd 
bo 
tal 
pole! mjcom 


a 
|e 


sclera 
) 


la 


i 
i) 


3 
4 
22xt 

«9 


c) 


lear) sooleres 
al 


22" X 28’ Section. 


iS 
bv 
cl 

JHoolen| 

jrmesle 


*1807 
1808 


1809 
1810 


57-47 4326 | 5601 

. 4457 | 5844 
4586 | 6083 
4714 | 6320 
4502 | $771 
4630 | 6014 
2.31 | 4756 | 6253 
2.22 | 4881 | 6490 


2.30 | 4666 | 5939 
2.20 | 4791 | 6182 


2.10 | 4916 | 6421 
2.02 | 5038 | 6658 


2.09 | 4818 | 6108 


2.00 | 4940 | 6351 
1.92 | 5062 | 6590 
1.84 | 5182 | 6827 


weleory 
| 


b 
ae 
, al 

colon 

"ale 


*T811 
1812 
1813 
1814 


*I815 
1816 
1817 
1818 


*1819 
1820 
1821 
1822 


rf 
2 


|e elo 


iS} 

ab 

cal 
nf 
2 


ae OOL- NH OQ NW 


wv 
ab 
pene reper 


ce 


0.90.90 99 go.G0 9090 GH. 90 90.9 GO GE G0 GO 
g 


NF bd 


wleor| 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84.—Continued. 
PROPERTIES OF Top CHORD SECTIONS. 


Properties 
ot 
Top Chord Sections. 


Four Angles 
an 


Three Plates 


Plates. “Angles. Mon of | Radii of Gyre 
Gross Area. aes 
Section CN Acts Axis Axis | Axis 
Number. Web. Cover. Top Botton aN ee A-A. | B-B. | A-A. | B-B. 
A Ta Ig Ta TB 
Inches. Inches. Inches. Inches. Inches?. | Inches.|Inchest.|Inches‘.| Inches.| Inches. 

*1823 22X16 28x$ 4x4x3 6x4x$ 61.85 1.89 | 4966 | 6275 | 8.96 | 10.07 
1824 eS; ‘s 52 ee 64.60 | 1.81 | 5086 | 6518 | 8.87 | 10.04 
1825 “is - a 67.35 | 1.73, | 5206 | 6757 | 8.79 | 10.01 
1826 rs os 70.10 1.67 | 5325 | 6994 | 8.72 | 9-99 

24" X 27’ Section. A Series. 

*1827 24x3 2758 32832516 5X32%3 60.62 3.00 | 5138 | 5655 | 9.21 | 9.66 
1828 a8 63.62 2.86 | 5308 | 5919 ; 9-13 | 9.04 
1829 i ve sf 66.62 | 2.73 | 5476 | 6174 | 9.07 | 9.62 

*1830 24x8 27x8 33X39X16 5X32X16 61.56 | 2.79 | 5318 | 5789 | 9.29 | 9.70 
1831 1% 64.56 2.66 | 5484 | 6051 | 9.22 | 9.68 
1832 a i “ ee 67.36 | 2.54 | 5648 | 6308 | 9.15 9.66 

*1833 | 2gxh | 27x8 |aaxjbave| sxgixb | 62.45 | 2.60 | 5483 | 5918 | 9:37 | 9-74 
1834 ae . é ‘ 65.46 2.48 | 5647 | 6179 | 9.29 | 9-72 
1835 cy J 68.46 | 2.37 | 5809 | 6437 | 9.21 | 9.70 

*1836 24K 27x88 32%32X16 5x33X16 63.36 | 2.41 | 5644 | 6048 | 9.44 | 9-77 
1837 ti) : : 66.36 | 2.30 | 5804 | 6309 | 9.36 | 9.75 
1838 3 oe e 69.36 2.20 | 5964 | 6567 | 9.28 | 9.73 

*1839 24X8 27x | 38%35xr6 | 5x33xE | 64.24 | 2.23 | 5792 6179 | 9.49 | 9.81 
1840 3 < 67.24. | 2.13 | 5950 | 6440 | 9.40 | 9-79 
1841 ae es e “ & 70.24. 2.04 | 6107 | 6698 | 9.32 | 9-77 
“ 24" X27" Section. B Series. 

*1842 2Axy'g 27x8 4X4X16 Ox4x3 60.00 2.92 | 5296 | 5372 | 9.39 | 9-46 

*1843 ¥ & . “ 63.00 | 2.78 | 5464 | 5610 | 9.31 | 9.43 
1844 ie * Vi a 66.00 2.65 | 5631 | 5844 | 9.24 | 9-41 
1845 t 69.00 | 2.54 | 5797 | 6075 | 9-17 | 9:39 

*1846 2 1X16 27X8 4x4xze | Ox4xig 61.12 2.66 | 5506 | 5529 | 9-49 | 9-51 

*1847 3 ‘ sf 64.12 | 2.54 | 5670 | 5767 | 9-49 | 9-49 
1848 |; : a6 : ; E 67.12 2.43 | 5832 | 6001 | 9.32 | 9.46 
1849 Ne : 70.12 | 2.32 | 5994 | 6232 | 9.25 | 9.43 

*1850 24X75 27x8 AXAXTS 6x4x5 62.22 2.43 | 5702 | 5684 | 9.57 | 9.56 

*185r y : 65.22 2.32 | 5863 | 5922 | 9.48 | 9.53 
1852 Sate a < se 68.22 | 2.22 | 6022 | 6156 | 9.40 | 9.50 
1853 Sar ie ee € pee 2.12 | 6181 | 6387 | 9.32 | 9.47 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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PROPERTIES OF 


aS 
0 
Top Chord Sections. 


Section 
Cover. 


Inches. 


2755 
ce 


7 


: al leo) 
[44 co| 
oe 


bo 
Lal 
ei|roojon a fCo pd 


BS 
Reo oat ae cer 


non 


is} 
cal 


28x$ 
“ 
“ 

28x} 
“ 


“ce 


28x% 
“ 


Inches. Inches. 


|sixbate 


TABLE 84.—Continued. 


¢- 
H 


' 
<a 


. Ai 
Pea 


“ 


“ 
6x4x$ 
“c 


“ 


“ 


A 


Inches*. 


63.30 
66.30 
69.30 
72.30 
64.38 
67.38 
70.38 
73-38 


* 24" X 28” Section. 


“ 
24” X 28” Section. 


7 
sei) 


A Series. 


61.24 
64.24 


. 67.24 


62.18 
65.18 
68.18 
63.08 
66.08 
69.08 
63.98 
66.98 
69.98 
64.86 
67.86 
70.86 


B Series. 


Tor CHorpD SECTIONS. 


Eccen- 
tricity. 


2.50 


2.39 
2.29 


MD 
2.22 
2.13 


3.01 
2.87 


2.74 
2.62 


Four Angles 
and 
Three Plates, 


Moments of 
Inertia. 


Radii of Gyra- 
tion. 


Axis 
A-A. 


LN 


. |Inches‘, 


5883 
6040 
6197 
6353 
6061 
6217 
6371 
6524 


5190 . 


5361 
5531 


5372 
5539 
5797 


5540 


5795 
5866 
6027 
5855 
6014 
6172 


5352 
5522 
5690 
5855 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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Axis 
B-B. 
Ig 
Inches‘. 
5840 


6078 
6312 


3 
6466 
6697 


6232 
6521 
6808 


6377 


6953 
6518 
6807 
7°94 
6659 
6948 
7235 
6791 
7080 
7367 


5930 


6195 
6457 
6715 


Axis 
A-A. 


9.21 
9-14 
9-07 
9-29 
9.22 
9-15 


9-37 
9:29 
9.22 


9-44 
9.36 
9.28 


9.50 
9.42 
9-34 


9.39 
9.31 
9.24 
9.17 


Axis 
B-B. 


TABLE 84.—Continued. 
PROPERTIES OF Top CHorD SECTIONS. 


Properties At ~ | TVA Four Angles 


i 


of fee = and 
Top Chord Sections. d Three Plates. 
' 
' 


vy 


Moments of Radii of Gyra- 
Plates. Angles. Inertia. tion. 


Axis Axis Axis Axis 
Cover. Top. Bottom. oe Dey tee | eee |b 


Ta Ip Ta 


wal 
vl a | 
e| @ 
ae 


Inches. Inches. Inches. Inches?. . |Inches#.| Inches4.| Inches. 


*1881 
*1882 
1883 
1884 


*1885 
*1886 
1887 
1888 


*1889 
*1890 
189r 
1892 


*1893 
*1894. 
1895 
1896 


wv 
mle 


28xe i 6x4xq5 61.74 ‘ 5563 | 6100 | 9.49 

= : Simei! 64a: : 5729 | 6365 | 9.41 
67.74 . 5892 | 6627 | 9.33 
70.74. F 6055 | 6885 | 9.25 
62.84. 2.53 | 5762 | 6268 
65.84 | 2.41 | 5925 | 6533 
68.84 2.30 | 6086 | 6795 
71.84 2.21 | 6244 | 7053 
63.92 | 2.30 | 5947 | 6437 
66.92 |. 2.20 |} 6106 | 6702 
69.92 2.11 | 6263 | 6964 
72.92 2.02 | 6420 | 7222 
65.00° | 2.09 | 6126 | 6604 
68.00 2.00 | 6283 | 6869 
71.00 1.91 | 6439 | 7131 
74.00 | 1.83 | 6594 | 7389 


Section. 


|}-to0|cr 3) 


6c 


s 
az 
fs] 
ol 


wb 
alee loo 


rm 
(2) 


ais 
R 
He a2 


‘wits 
a 


« 
nz 


erie woo! 


ra 
C) 


bd 
m4 


Ci) 


loo 


65.85 | 3.22 | 5747 | 7465 
68.85 3.08 | 5921 | 7785 


71.85 2.95 | 6093 | 8103 
66.97 | 2.99 | 5966 | 7663 
69.97 2.86 | 6136 | 7983 
72.97 | 2.74 | 6304 | 8301 
68.07 | 2.76 | 6173 | 7859 
71.07 2.65 | 6339 | 8179 
74.07, | 2.54 | 6504 | 8497 
69.15 | 2.56 | 6363 | 8056 
72.15 | 2.45 | 6526 | 8376 
75-15 | 2.35 | 6687 | 8694 
3oxit 70.23 2.35 | 6552 | 8250 


73823 2.25 | 6712 | 8570 
DS cael 76.23 | 2.17 | 6871 | 8888 


*1897 
1898 
1899 

*Tg00 
1901 
1902 

*1903 
1904. 
1905 

*1906 
1907 . 
1908 

*1909 

. 1910 
IQII 


= Lal 
Eve au 


* 
a 

cole eco 
b Ro 
m= COON 


bo 
BS 
cal 


bd 
=o 
Coen oe Reee 


a 
bal 

™ 

I 


WOO YLSY DOS Vow 
hui WAN nw 
ORO NSD O AL 


3 tal 
feos avcgerad Inde 


- 
x 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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Properties 


of 
Top Chord Sections. 


TABLE 85. 
PROPERTIES OF Tor CHORD SECTIONS. 


A 


H 


Six Angles 
and 
Three Plates. 


Moments of | Radii of Gyra- 
Plates. Angles. alone Tate Algae ota: 
"um- c =A, —-B. A. -B. 
ber. Web Cover. Top. 
% Outside. Inside. A e Ia Ip TA Tg 
| Inches. Inches. Inches. |Inches?.| Inches. | Inches‘.|Inches!. 
16” X 20” Section. A Series. 
*2001 16x5 20x75 32X33%8 33338 33%3 3x8 | 35-63 | 1.04 | 1553 | 1480 | 6.60 | 6.44 
2002 |“ 6 ¥ % ‘ a 37.63 | 0.98 | 1597 | 1551 | 6.51 | 6.41 
2003 | "3 : A ns 39.63 | 0.93 | 1642] 1621 | 6.44 | 6.38 
2004 | “a6 ie - 3 ” 41.63 | 0.89 | 1686 | 1689 | 6.36 | 6.36 
2005 | 3. - ia i i 43-63 | 0.85 | 1730 | 1756 | 6.30 | 6.34 
2006 aE 3 - a ra 45.63 | 0.81 | 1774 | 1821 | 6.24 | 6.31 
2007 2 47.63 | 0.78 | 1818 | 1887 | .6.18 | 6.29 
*2008 16x5 20x75 32X32X8 33%33%16 32X32X76 37-19 | 0.72 | 1633 | 1547 | 6.63 | 6.44 
2009 | | 36 rm :. ., ns 39.19 | 0.69 | 1677 | 1617 | 6.54 | 6.42 
2010 | 1 2 35 ‘ te 5 41.19 | 0.66 | 1720 | 1686 | 6.46 | 6.40 
201l | {36 > 7 2g 43-19 | 0.63 | 1763 | 1754 | 6.39 | 6.37 
2012 | 1 3 if o _ $ 45.19 | 0.60 | 1807 a ae 6.34. 
wee * re - is - - 47-19 | 0.57 ee 188 ee os 
4 4 49-19 | 0.55 | 1894 | 1951 +20 +30 
*2015 16x5, 20xq 33%3 2X8 32X32X3 32X35%2 38.71 | 0.42 | 1729 | 1612’ 6.68 | 6.44 
2016 “6 & : i rs 40.71 | 0.41 | 1772 | 1682 | 6.60 | 6.42 
2017 | 4 ‘ . - 42.71 | 0.39 | 1815 | 1751 | 6.52 | 6.39 
2018 oar a * : fs 44.71 |. 0.38 | 1858 | 1819 | 6.44 | 6.37 
2019 3 46.71 | 0.36 | 1901 | 1885 | 6.38 | 6.34 
2020 9 Te ‘ ;. . 48.71 | 0.34 | 1944 | 1949 | 6.32 | 6.32 
2021 2 50.71 | 0.33 | 1987 | 2014 | 6.26 | 6.29. 
*2022 16x5, 20x16 32%32x8 33%32X16 323316 40.19 | 0.16 | 1803 | 1675 | 6.70 | 6.45 
2023 | “ ae * : , . 42.19 | 0.16 | 1845 | 1745 | 6.61 | 6.42 
2024 | 1 2 se » a 44.19 | 0.15 | 1888 | 1813 | 6.53 | 6.39 
2025 | 16 i i, : " 46.19 | 0.14 | 1931 | 1880 | 6.46 | 6.37 
2026 ce ‘ i i. i 48.19 | 0.13 | 1973 | 1946 | 6.40 | 6.35 
2027 | © af ¥ ; 5 50.19 | 0.12 | 2016 | 2010 | 6.34 | 6.32 
2028 q s ee Y 52.19 | 0.12 | 2059 | 2074 | 6.28 | 6.29 
*2029 16x¢ 20x3 32X35X8 32X33%8 33X35X8 41.63 | —.08 | 1870 | 1738 | 6.70 | 6.46 
2030 | “ 18 oA iy 3 43.63 | —.08 | 1913 | 1807 | 6.62 | 6.44 
2031 | 2 és i rs . 45-63 | —.07 | 1956 | 1874 | 6.54 | 6.41 
2032 | “ qs - : F 47-63 | —.07 | 1998 | 1941 | 6.47 | 6.38 
2033 $ be 49.63 | —.07 | 2041 | 2007 | 6.41 | 6.36, 
2034 | <° 4% iy Na 51.63 | —.07 | 2084 | 2070 | 6.35 | 6.34 
2035 | ot * es 2 ‘ 53.63 | —.06 | 2126 | 2134 | 6.30 | 6.32 
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* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 85.—Continued. 
PROPERTIES OF Top CHORD SECTIONS. 


Six Angles 


an 
Three Plates, 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 


51 
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Plates. Angles. Moments of | Radii of Gyra- 
Gross | Eccen- Inertia. tion. 

Section] _ ate Area: | tricity. Tasis | Axis | Axis | Axia 
ve “| Web. | Cover. Topas = Are eee ee 

Outside. Inside. A e I, Ip Ta Tp 
Inches. | Inches. | Inches. Inches. Inches. |Inches?.| Inches.|Inches*.|Inches‘.| Inches.| Inches, 

16” X 20” Section. B Series. 
*2036 16x§ 20x75 32X32%8 5X33X8 32X33%8 36.77 | 0.77 | 1640 | 1606 | 6.67 | 6.61 
2037 | “ ie i if 0 ig 38.77 | 0.73 | 1684 | 1677 | 6.59 | 6.58 
2038 i, % i 2 - 40.77 | 0.70') 1727 | 1747 | 6.51 | 6.55 
7039-| 48 * : 2 - 42.77 | 0.67 | 1771 | 1815 | 6.43 | 6.52 
2040 | 7 'E ye 2 nk 44.77 | 0.64 | 1814 | 1882 | 6.36 | 6.48 
ee . 16 * 4 y i 40-77 coe 1858 | 1947 23 6-45 
2042 $ 48.77 | 0.58 | 1902 | 2013 24 | 6.42 
*2043 | 16x | 20xq' | 35x32xg | Sx34xq'5 | 34x34x7%s | 38.51 | 0.43 | 1725 1695 | 6.69 | 6.63 
2044 | “ ae 4 . 4 iS 40.51 | 0.42 | 1768 | 1765 | 6.60 | 6.60 
2045 | “ 4 4 ¢ . on 42.51 | 0.40 | 1810 | 1834 | 6.52 | 6.57 
2046 . 16 és Z i P 44.51] 0.38 | 1854 | 1902 | 6.45 | 6.54 
2047 | a ¥ 3 e _ 46.51 | 0.36 | 1897 | 1970 | 6.39 |. 6.51 
2048 2 re i y c i 48.51 | 0.34 | 1940 | 2034 | 6.32 | 6.48 
2049 3 50.51 | 0.33 | 1982 | 2099 | 6.26 | 6.45 
*2050 | 16x3 20xz6 | 32X32x8 | 5X32x4 | 33x33x2 | 40.21 | 0.12 | 1826 | 1781 | 6.74 | 6.65 
2051 | “ 4 ve 5 . be 42.21 | 0.12 | 1868 | 1852 | 6.65 | 6.62 
2052) «1s Gs i. ss ws 44.21 | 0.11 | 1911 | 1920 | 6.57 | 6.58 
2053 i 18 * ‘: = ss 46.21 | 0.11 | 1954 | 1988 | 6.50 | 6.55 
2054 | “4 * j: u * 48.21 | 0.11 | 1996 | 2054 | 6.43 | 6.52 
2055 ¥ te * Z x 4 50.21 | 0.10 | 2039 | 2119 | 6.37 | 6.49 
2056 4 52.21 | 0.10 | 2082 | 2183 | 6.31 | 6.46 
*2057 16x 20x15 32X32X8 | 5X32Xa6 | 32X32X76 | 41-89 | —.15 | 1903 | 1866 | 6.75 | 6.67 
2058 is ; = s ef 43.89 | ~.14 | 1946 | 1936 | 6.66 | 6.64 
20RD a a I} s ; ef 45.89 | —.14 | 1988 | 2004 | 6.58 | 6.61 
2060 . 16 , - s i 47-89 | —.13 | 2031 | 2071 | 6.51 | 6.58 
2061 nA . 3 Z > 49.89 | —.13 | 2074 | 2137 | 6.45 | 6.55 
2062 ae ¥ ¢ s . 51.89 | —.12 | 2115-| 2201 | 6.39 | 6.52 
2063 4 53-89 | —.12 | 2158 | 2265 | 6.32 | 6.48 
*2064 16x5, 20x75 33%; 2x | 5x32x$ | 34x33x3 | 43.51 | —.41 | 1978 | 1951 | 6.74 | 6.70 
2065 16 ‘ re 4 46.61 | —.39 | 2021 | 2020 | 6.65 | 6.66 
2066 | “3 % < by 51} —. 2063 | 2087 | 6.58 | 6.63 
69 “ “ 47 5 37 3 

2067 16 ‘ es 49-51 | —.36 | 2107 | 2154 | 6.52 | 6.60 
2068 | “ ss - $ ss 51.51 | —.34 | 2150 | 2220} 6.46 | 6.57 
2069 2 Te . < a 53-52 | —.33 | 2192 | 2283 | 6.40 | 6.53 
2272 4 * a 55.51 | —.32.| 2235 | 2347 | 6.34 | 6.50 


TABLE 85.—Continued. 
PROPERTIES OF Top CHORD SECTIONS. 


Six Angles 
and 
Three Plates. 


Prseecties 
me) 
Top Chord Sections, 


Plates. Angles. Se of Radi oer 
Bottom, rey a Ree 2888 
eee Web. | Cover. TOD smelt ae: = = sige || 12'S) 
Outside. Inside. A e I, Ig TA TB 
Inches. Inches. |Inches?. Inches‘. | Inches‘.| Inches. | Inches. 
X 22! Section. 
2071 a 22x% 5X32x8 | 32X39x$ | 39.02 | 1.21 | 1761 | 2163 | 6.72 | 7.45 
2072 | “ qe ef s: pe 41.02 | 1.15 | 1807 | 2259 | 6.64 | 7.42 
2073 yl teed é * % A 43.02 | 1.10] 1851 | 2354 | 6.56 | 7.40 
2074 |“ + y: ‘ a # 45.02 | 1.05 | 1897 | 2448 | 6.49 | 7.37 
2075 | “3 s 3 47.02 | 1.00 | 1942 | 2540 | 6.43 | 7.35 
2076 | 44 ee 4 49.02 | 0.96 | 1988 | 2630 | 6.37 | 7.33 
2077 | “ 3 fe % 5 re 51.02 | 0.92 | 2031 | 2718 |.6.31 | 7.30 
*2078 | 16x} 22x} 32X33%8 5x32X16 32%33%16 40.76 | 0.86 | 1873 | 2276 | 6.78 | 7.47 
2079 Il meade 3 . 42.76 | 0.82 | 1917 | 2372 | 6.70 | 7.45 | 
2080 | «* ¥ ‘a 4 44-76 | 0.78 | 1960 | 2467 | 6.62 | 7.43 
2081 | “ ee re - A 46.76 | 0.75 | 2005 | 2560 | 6.55 | 7.40 
2082 | “ 3 sf se 48.76 | 0.72 | 2049 | 2652 | 6.48 | 7.38 
2083 || § 4 ce “ e 3 50.76 | 0.69 | 2093°| 2741 | 6.42 | 7.35 
2084 | “ ¢ ff : < 52.76 | 0.67 | 2136 | 2828 | 6.36 | 7.32 
*2085 | 16x$ 22x% | 39x32xe 5X33%2 332X352 42.46 | 0.56 | 1970 | 2388/| 6.81 | 7.50 | 
2086 A 1s ¢ . * a 44.46 | 0.53 | 2013 | 2483 | 6.73 | 7.47 | - 
2087 3, 7 3 1 . 46.46 | 0.51 | 2056 | 2577 | 6.65 | 7.45 
2088 3 a5 EF 4 2 - 48.46 | 0.49 | 2099 | 2670 | 6.59 | 7.42 
2089 . $ 4 4 . . 50.46 | 0.47 | 2142 | 2761 | 6.52 | 7.40 
2090 | © te :. 3 > y 52.46 | 0.45 | 2186 | 2850 | 6.45 | 7.37 
2091 2 54-46 | 0.43 | 2229 | 2937 | 6.40 | 7.35 | 
*2092 | 16x? 22x35 33X33X8 5x32%16 33X33%16 44.14 | 0.27 | 2060 | 2498 | 6.83 | 7.52 
2093 » 16 i pi 2 o 46.14 | 0.26 | 2103 | 2593 | 6.75 | 7.50 
2094 4 2 48.14 | 0.25 | 2145 | 2687 | 6.68 | 7.47 
2095 | “ 5 as « < 50.14 | 0.24 | 2188 | 2779 | 6.61 | 7.44 
2096 | “ 3 Ee - “ e 52.14 | 0.23 | 2231 | 2869 | 6.54 | 7.42 
2097 | “ 46 2 x . a 54.14 | 0.22 | 2274 | 2957 | 6.48 | 7.39 
2098 | “ 2 sf ns sf 56.14 | 0.22 | 2316 | 3043 | 6.42 | 7.36 
*2099 | 16x§ | 22x2 | 32X32X3 | 5x32x8 | 34x33x§ | 45.76 | 0.02 | 2139 | 2605 | 6.84 | 7.55 
2100 | “ i sf £ B a 47-76 | 0.02 | 2182 | 2699 | 6.76 | 7.52 
2401 I) Bey g eS ne ef 49.76 | 0.02 | 2224 | 2792 | 6.69 | 7.49 
2102 | “ ee ¥ ce e 51.76 | 0.02 | 2267 | 2883 | 6.62 | 7.46 
2103 | 3. & Ee i. ef 53-76 | 0.02 | 2310°| 2973 | 6.56 | 7.44 
2104 4 H# 5 # ys ~¢ 55-76 | 0.02 | 2353 | 3061 | 6.50 | 7.41 
2105 t 57-76 |_0.02 | 2395 | 3147 | 6.44 | 7.38 


* Spacing of rivet lines of web greater than 30 X thickness of plate. . 
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TABLE 85.—Continued. 
PROPERTIES OF Tor CHorpD SECTIONS. 


Properties 


; Six Angles 
fo} 
Top Chord Sections. 


and 
Three Plates. 


Plates. Angles Moments of | Radii of Gyra- 
: Gross | Eccen- Inertia. tion. 


Section|_ as PR CN es, ase | gta te 
Be wet Gover.’ |° Top. ; AZA.. | BB.) VASAS leans 
é Outside. Inside. A e I, Ip Ta TB 


Inches. | Inches. Inches. Inches. Inches. |Inches?.| Inches. Inches‘.|Inchest.| Inches. | Inches. 


*2106 | 16x3 22x} 32X34x8 | 5X33x4¢ | 34x33xH | 47.38 | —.21 2212 | 2712 | 6.83 | 7.56 
2107 % qs i 3 a Fh 49.38 | —.20 | 2255 | 2806 | 6.76 | 7.64 
2108 _ a is : is ‘, 51.38 | —.19 | 2297 | 2899 | 6.69 | 7.51 
2409 | © 1s s . : 53-38 | —.18 | 2340 | 2989 | 6.62 | 7.48 
2110 | *¢ 2 i $ i 55-38 | —.18 | 2383 | 3078 | 6.56 | 7.45 
2111 ae 57-38 | —.17 | 2426 | 3165 | 6.50 | 7.43 
erT2" |... “¢ oo sé a 59.38 | —.16 | 2468 | 3251 | 6.45 | 7.40 
*2113 | 16x3 22x3 |.34x 3ax8 5X32%¢ 32x39x2 | 48.96 | —.41 | 2275 | 2817 6.83 | 7.59 
2114 * is Z i - A 50.96 | —.40] 2318 | 2910 | 6.74 | 7.56 
2115 | « 2 4 ey 1 ‘ 52.96 | —.38 | 2360 | 3002 | 6.67 | 7.53 
2116 18 3 eee * os 54-96 | —.37 | 2404 | 3092 | 6.61 7.50 
2117 3 56.96 | —.35 | 2447 | 3181 | 6.55 | 7.47 
2118 | “it oa a * se 58.96 | —.34 | 2492 | 3268 | 6.50 7.44 
2TIQ!| . oF a S we a 60.96 | —.33 | 2532 | 3353 | 6.44 | 7.41 
’ Section. A Series, 

32X32X8 | 39.38 | 1.58] 2177 | 2086 7.43 | 7.28 

Pt a 2 - . 41.63 | 1.49 | 2243 | 2196 | 7.34 | 7.26 

2122 | z . Ms = 43.88 | 1.41 | 2309 | 2304 | 7.25 | 7.24 
2123 | “ te 4 2 :: ss 46.13 | 1.34 | 2374 | 2410 | 7.17 | 7.23 
2124 ae # “ re : 48.38 | 1.28 | 2439 | 2514 | 7.10 7.21 
2125 it 50.63 | 1.23 | 2503 | 2616 | 7.03 | 7.19 
2126 | “ 3 ee § $ 52.88 | 1.17 | 2566 | 2716 | 6.96 | 7.16 
*2127 | 18x3 | 22x1 33X33%8 32%3 2X76 32X32X76 | 40.94 | 1.22 | 2310 | 2176 7.6L || i729 
*2128 a 1s . 5 _ 43-19 | 1.16 | 2374 | 2285 | 7.41-| 7.28 
2129 | “4! 3 y Z ¥ 45-44] 1.10 | 2437 | 2393 | 7.32 | 7.26 
2130 | * ys 4 ss fe :, 47-69 | 1.05 | 2500 |" 2500 | 7.24 | 7.24 
2131) “@ F . = in 49-94 | 1.00 | 2564 | 2604] 7.17 | 7.22 
2132 ay 52.19 | 0.96 | 2627 | 2703 | 7.10 | 7.20 
Chics eae & oe cf s se 54-44 | 0.92 | 2689 | 2802 | 7.03 | 7.18 
*2134 18x¢ 22x} 32%32%8 32X32%3 33X35X3 42.46 | 0.90 | 2428 | 2259 | 7.56 | 7.29 
*2135 ; ib 4 y 3 i 44-71 | 0.85 | 2491 | 2368 | 7.46 | 7.28 
2136 - 3, , K : a 46.96 | 0.81 | 2553 | 2475 | 7.37 | 7.26 
2137 aK 49.21 | 0.77 | 2616 | 2581 | 7.29 | 7.24 
2138 | “ $ <f ie &, Be 51.46 | 0.74 | 2678 | 2683 | 7.21 | 7.22 
2139 | “22 = Sf 4 53-71 | 0.71 | 2740 | 2784 | 7.14 | 7.20 
2140 | “ 2 - § $ s 55.96 |_ 0.68 | 2801 | 2883 | 7.08 | 7.18 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 85.—Continued. 
PROPERTIES OF ‘Lop CHORD SECTIONS. 


Properties 
0} 
Top Chord Sections. 


Six Angles 
d 


an 
Three Plates. 


Plates. Angles. Moments of | Radii of Gyra- 
\4 Gross Becen- Inertia. tion. 
* ea. Tricity. . . ° 
ae Bottom. rea sapien) >. 
jee Web. | Cover. TOD swap (eee ee 2 
Outside. Inside. A e iS I, Ip TA TR 
Inches. | Inches. Inches. Inches. Inches. |Inches?.} Inches. |Inches‘.|Inches?.} Inches.| Inches. 
"2141 18x5 2X5 33348 32x32%76 32X3 2X16 43:94 | 0.60 | 2538 | 2345 | 7.60 | 7.30 
2142 | “ a i < . i 46.19 | 0.57 | 2600 | 2454 | 7.51 | 7.29 
ane “ as “ “ec “ “c 4o-Ad 0-55 ae 2539 | 7-42 ex 
2144 | “ ye ie 5, - P 50.69 | 0.52 | 2722 | 2665 | 7.34 | 7.25 
2145 2 52.94 | 0.50 | 2785 | 2765 | 7.26 | 7.23 
2146 | “ it es % eS s 55.19 | 0.48 | 2845 | 2866 | 7.18 | 7.21 
TA TM ioe Sy ellee | cy 3 57-44 | 0.46] 2906 | 2966 | 7.11 | 7.19 
*2148 18x§ 22x3 32%33%8 33%33%8 32X33%8 45.38 | 0.34 | 2636 | 2426 | -7.62 | 7.31 
2149 | “ Te 7 rs y 47-63 | 0.32 | 2697 | 2535 | 7-53 | 7-29 
2150 | “3 : ‘ é ‘ 49.88 | 0.31 | 2757 | 2640 | 7.44 | 7.2 
2151 2s 2 ;, i. nt 52.13 | 0.30 | 2818 | 2744 | 7.35 | 7.25 
2152 | “ g re ¥ ¥ y. 54.38 | 0.29 | 2879 | 2846 | 7.27 | 7.23 
2153 | * te y 4 s ; Boe ony 2940 | 2947 | 7.20 | 7.21 
2154 ry 58. 0.36 | 3001 | 3044 | 7.14 | 7-19 
*2155 18x§ 22x3 32X3 2X8 32X33x16 33X33X16 46.82.| 0.12 .| 2722 | 2506 |, 7.63 |- 7.32 | 
2156 16 P : :: 49.07 | 0.11 | 2783 | 2613,] 7-53 | 7.30 
ESSN aed * - . 51.32 | 0.11 | 2843 | 2719 | 7.44 | 7.28 
2158 a i - b. _ F, 53-57 | 0.10 | 2904 | 2824 | 7.36 | 7.26 
ZED Sens a ; 55.82 | 0.10 | 2965 | 2924 | 7.29 | 7.24 
2160 # : oe - 58.07 | 0.09 | 3025 | 3024 | 7.22 | 7.22 
ZTOX |r: rf 6 * S 60.32 | 0.09 | 3086 | 3122 | 7.15 | 7.20 
*2162 18x6 22x} 32X32%8 B2X3 4X5 33X35%4 48.22 | —.11 | 2802 | 2585 | 7.62 |. 7.32 
2163 bs Ts ‘ :. - 50.47 | —.11 | 2863 | 2693 | 7.53 | 7.30 
2164 | 2 - F: .: ie 52.72 | —.10 | 2923 | 2797 | 7-44 
2165 28 rs i : a 54.97 | —.10 | 2984 | 2902 | 7.36 
2166 ca :d és a S 57.22 | —.10 | 3045 | 3001 | 7.29 
2167 as iu 4 : - . 59.47 | —.09 | 3105 | 3101 | 7.22 
2168 3 61.72 | —.09 | 3166 | 3198 | 7.16 
18” X 22 Section. B Series. 
*2169 | 18x 22x 33X33X8 5X33X6 32X33X8 40.52 | 1.29 | 2297 | 2241 


3 
8 
“16 42.77 | 1.22 | 2361 | 2351 
2171 3, Ma ® ¥ ae 45.02 | 1.16 | 2426 | 2459 
i6 
5 
8 
a4 


WAV WII 
Or kr NWA 
~~ HH WOARWW 


2172 | * 4 5 Ee i‘ 47.27 | 1.10 | 2489 | 2566 
CANES BL a - 2 49.52 | 1.05 | 2552 | 2669 
this Ay 16 é z i $1.77 || L.0F |; 26x65) | 2772 
2175 r a c 54.02 , 0.97 | 2678 | 2872 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 83.—Continued: 


PROPERTIES OF Tor CHorpD SECTIONS. 


Properties 
fe) 
Top Chord Sections. 


V4 Six Angles 
EA and 
a Three Plates. 
ey 


i 
| 


Plates. Angles, Moments of | Radii of Gyra- 


‘ay rasa) \Becen Inertia. tion. 


Section | - es pesecehy lettre! ee, “Aas ae | ee 


A-A. | B-B. | A-A. | B-B. 


Cover. 


Outside. 


Inside. A e I, Ip Ts Tp 


Inches. | Inches. Inches. Inches. Inches. |Inches?.| Inches. |Inches‘.|Inches‘.| Inches. | Inches. 


* 
iS} 
mI 
NN 

a 
H 
ee} 
i 


22xz | 32%34x8 | 5x3axz6 | 32x33x7% | 42.26 | 0.90 | 2437 | 2357 | 7.60 | 7.47 

“ : ee 44.51; 0.86 | 2500 | 2467 | 7.50 | 7.44 
46.76 | .0.82 | 2563 | 2574 | 7.41 | 7.42 
49.01 | 0.78 | 2624 | 2681 | 7.33 | 7.39 
51.26 | 0.75 | 2684 | 2783 | 7.25 | 7.37 
53-51 | 0.72 | 2746 | 2885 | 7.17 | 7.34 
55-76 | 0.69 | 2810 | 2985 | 7.10 | 7.31 


22xh | 34x32x8 | 5x39xd | 34x34x4 | 43.96 | 0.57 | 2563 | 2466 | 7.64 


is} 
I 
“I 
ve) 
. 
a Rn 
alco reese reso leo 
a 
. 
a 
a 
n 
a 


* 
to 
4 

ee) 
w 
i 
ial 


7-49 
*2184'| “¢ aie re : “ 46.21 | 0.55 | 2623 | 2575 | 7.54 | 7.47 
2185) | “4 ee 4 Se % 48.46 | 0.52 | 2685 | 2682 | 7.45 | 7.44 
2186 | “ 3 “f Ms 4: ve 50.71 | 0.50) 2745 | 2788 | 7.36 | 7.41 
2187 | “* % < a z Ee 52.96 | 0.48 | 2807 | 2890 | 7.28 | 7.39 
2188 | “ 12 fe : se 55-21 | 0.46] 2868 | 2991 | 7.21 | 7.36 
2189 | “ 3 ns i cS 57-46 | 0.44 | 2930 | 3090 | 7.14 | 7.34 
{2190 18x§ 22x3 33X33X8 5x32X16 32%33%16 45-64 | 0.26 | 2680 | 2578 | 7.66 | 7.52 
aes os 16 A 7: : ;, 47.89 | 0.25 ee 2687 oS ae 
23 $ 50.14 | 0.24 | 2801 | 2792 | 7.4 4 
2193 . a a He ff oo 52.39 | 0.23 | 2862 | 2898 | 7.39 | 7.44 
2194 cae se cy ne < 54-64 | 0.22 | 2923 | 2998 | 7.31 | 7.41 
ae - an SF 5 . i. 56.89 | 0.21 | 2984 | 3101 | 7.24 oao 
219 i i : : : 59-14 | 0.20] 3045 | 3199 | 7.18 | 7.3 
Sea a 22x4 | 34x 33x8 5x32x8 | 33x34x5 | 47.26 | —.02 me? 2685 a 7.54 
219 s ; e a 49-51 | —.02 | 2843 | 2794 | 7.57 | 7.51 
2199 | “4 ee $ Se s 51.76 | —.02 | 2904 | 2899 | 7.48 | 7.48 
2200 | “ & rf es sé es 54.01 | —.01 | 2964 | 3003 | 7.40 | 7.46 
220% |< 3 oe 3 % fe 56.26 | —.o1 } 3025 | 3105 | 7.33 | 7.43 
2202) te : : : se 58.51 | —.o1 | 3086 | 3206 | 7.26 | 7.40 
2203 | “7 : y 4 é 60.76 | —.01 | 3146 | 3303 | 7.20 | 7.37 
*2204 18x3 22x} 33X35%8 5x3 3x18 32%32X3%6 | 48.88 | —.27 | 2875 | 2791 | 7.67 | 7.56 
*2205 is s ee 51.13 | —.26 | 2937 | 2898 | 7.57.] 7.53 
2206 ¥ 4 fe : * i‘ 53-38 | —.25 | 2998 | 3004 | 7.48 | 7.50 
2207 | “ a% * i : 55.63 | —.24 | 3059 | 3109 | 7.41 | 7.48 
2208 _ 3 - 4 Z % 57-88 | —.23 | 3119 | 3209 | 7.34 | 7.46 
2209 | * t6 oe x . ie 60.13 | —.22 | 3180 | 3309 | 7.27 | 7.42 
2210 2 62.38 | —.21 | 3241 | 3407 | 7.20 7.39 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 85.—Continued. 


PROPERTIES OF TOP CHORD SECTIONS. 


Se! 


Properties Aly. _ 3A Six Angles 
of 5 - -—-F— and 
Top Chord Sections. qd d Three Plates. 
a ¥ 


ti Moments of | Radii of Gyra- 
Plates. Angles. Thertia. ian 


Section 
Ps Web. | Cover. Top. 


‘| Axis | Axis Axis Axis 
Bottom. ‘ A-A. | B-B. | A-A. | B-B. 


Outside. | Inside. A e Ta Ip TA Ip 


Inches. | Inches. Inches. Inches. Inches. |Inches?.| Inches. |Inches‘.|Inches‘.| Inches. | Inches. 


*o21r | 18x? 22x | 32X32x$ | 5x33x2 | 34x3%x2 | 50.46] —.50 | 2958 | 2896 | 7.65 | 7.57 
. 5 52.71 | —.48 | 3020 | 3003 | 7.55 | 7.54 


2213) “ % vi g cs ‘ 54.96 | —.46 | 3081 | 3108 | 7.47 | 7.52 
OZ EAN en aes a * ss vey 57.21 | —.44 | 3142 | 3212 | 7.40 | 7.49 
2215 | “3 e i 7 “ | 59.46 | —.42 | 3203 | 3312 | 7.33 | 7-47 
2216 | “ 4% S :; se iv 61.71 | —.4r | 3265 | 3412 | 7.26 | 7.44 
2217 | “ ¢ s < ce 63.96 | —.39 | 3326 | 3508 | 7.20 | 7.41 


mn. 


2218 | 18x3, | 24Xz6 | 32X32x8 | 5x35xE | 32%32x8 | 47.52 | 1-59 | 2584 | 3215 | 7.37 | 8.23 
2219 | “ a6 s ; # ¥ 49.77 | 1.52 | 2650] 3354 | 7.29 | 8.21 
2220 | 7 a . i ., 52.02 | 1.45 | 2716 | 3491 | 7.22 | 8.19 
222r | * i6 ‘ : "i be 54.27 | 1.39 | 2781 |°3625 | 7.16 | 8.17 
2222 3 56.52 | 1.34 | 2846 | 3757 | 7.10 | 8.15 
2223 | 18x} | 24xz¢ | 32%32x8 | 5x33xr8 |32x32xr6 | 49.26 | 1.26 | 2736 | 3354 117-45 | 8.25 
2224 | “ 6 s z: e - 51.51 | 1.20] 2801 | 3492] 7.37 | 8.23 
2225 | 3 5 : » r 53.76 | 1.15 | 2865 | 3628 | 7.30 | 8.21 
ae s # * . ee ne 2928 3761 ie ae 
222 ; 58.2 1.06 | 2991 | 3893 I aly, 
2228 18x}, 24x75 33%3 3X8 5X32%3 32X33X3 50.96 | 0.95 | 2874 | 3494] 7.51 | 8.28 
2229 | “ 6 ‘ ‘: . . 53-21 | 0.91 | 2937 | 3632 | 7.43 | 8.26 
2230 | "8 rs 3 . 55.46 | 0.88 | 2999 | 3767 | 7.36 | 8.24 
2231 it 57-71 | 0.84 | 3061 | 3900 | 7.28 | 8.22 
eH A be Ge: oe ¥ sa Y 59.96 | 0.81 | 3124 | 4031 | 7.22 | 8.20 
2233 18x}, 24X15 32X33%8 5X33%16 33%33%16 52.64 | 0.67 | 3001 | 3631 | 7.55 | 8.3% 
hs “ ee “ “ “ “ 54-89 2S 3063 3768 Ligh oz 
SA ee a ye i , 57.14 | 0.62 | 3125 | 3903 | 7.39 | 8.26 
2236 Té us 59.39 | 0.60 | 3186 | 4035 | 7.32 | 8.24 
“3 “ce oe “cc “ 
2237 4 61.64] 0.57 | 3248 4165 7.26 | 8.22 
2238 18x}, 24X76 33X33%8 5X32X8 33X3 2X8 54.26 | 0.42] 3114 | 3766 | 7.58 | 8.33 
8) i 3 % 7 56.51 | 0.40 | 3176 | 3902 | 7-50 | 8.31 
2240 | © in F . 58.76 | 0.39 | 3237 | 4036 | 7.42 | 8.29 
224r | “ i6 i x ,: be 61.01 | 0.37 | 3297 | 4168 | 7.35 | 8.26 
2242 4 ae 63.26 | 0.36 | 3359 | 4298 | 7.29 | 8.24 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 85.—Continued. 


PROPERTIES OF Tor CHORD SECTIONS. 


Broperde# 
Le} 
Top Chord Sections. 


Six Angles 
and 
Three Plates. 


3 ‘| Moments of Radii of Gyra- 
apes OBES. Inertia. tion. 


Section ; Bottom. oe oe rer BB 
Cover. Top. : - : 


Outside. Inside. I, Ip TA Tp 


Inches, Inches. Inches. Inches. ~ |Inches?.| Inches. |Inches‘,|Inches‘.| Inches. | Inches. 


5X32x16 32X35%16 55-88 | 0.18 | 3221 | 3895 | 7.59 | 8.35 


24x35 
= & 58.13 | 0.18 | 3282 | 4031 | 7.51 | 8.33 


2245) “2 ¢ a 2 “ 60.38 | 0.17 |.3343 | 4165 | 7.44 | 8.31 
2246 | “ it as He es ee 62.63 | 0.16 | 3403 | 4296 | 7.37 | 8.28 
2247 | “ ¢ fe es # ss 64.88 | 0.16 | 3464 | 4425 | 7.31 | 8.26 


3314 


2249) “ae| * . ‘ «| 59.71 | —.03 | 3375 | 4161 | 7.52 | 8.35 
2250) ‘ ks ss G 61.96 | —.03 | 3436 | 4294 | 7.45 | 8.33 
ZEBTS | fu s cy a 64.21 | —.03 | 3496 | 4424 | 7.38 | 8.30 
2252 £ 3 A 3557 7.32 | 8.28 


48.38 ‘ 3136 | 3171 | 8.04 | 8.09 

ek 5 i « . 50.88 | 1.85 | 3227 | 3324 | 7.96 |. 8.08 

2AGBh) | et ? : 53:38 | 1.76) 3319 | 3477 | 7.88 | 8.06 
2256 3 16 es “ - s 55-88 | 1.68 | 3410 | 3627 | 7.81 | 8.05 
2257 2 : 4 58.38 | 1.61 | 3500 | 3777 | 7.74 | 8.04 
*2258 20x}, 24x76 32X33X8 32%32%16 32%33%16 49.94 | 1.61 | 3310 | 3282 | 8.14 | 8.10 
od ie hy a zs 4 52.44 | 1.53 | 3400 | 3435 | 8.05 | 8.09 
2260 ai ‘ 2 3 ss 54.94 | 1.46 | 3489 | 3587 | 7.96 | 8.08 
2261 ‘ H is 4 . . 57-44 | 1.40 | 3577 | 3736 | 7.88 | 8.06 
2262 2 59.94 | 1.34 | 3665 | 3886 | 7.82 | 8.05 
*2263 20x}, 24X75 33X35%8 33%32%3 32X32%5 51.46] 1.31 | 3466 | 3387 | 8.21 | 8.12 
2264 Br i 4 is a 53.96 | 1.25 | 3553 | 3540 | 8.12 | 8.10 
2265 a A 4 - 2 56.46 | 1.19 | 3640 | 3691 | 8.03 | 8.09 
2266 ‘ rr) . A % a 58.96 | 1.14 | 3728 | 3839 | 7.95 | 8.07 
2267 3 61.46 | 1.09 | 3815 | 3988 | 7.89 | 8.05 
*2268 20x}, 24X16 33X33%8 32%33%16 33%33%16 52.94] 1.02 | 3617 | 3497 | 8.26 | 8.13 
2269 “16 y S, E i. 55-44] 0.97 | 3703 | 3649 | 8.17 | 8.11 
2270) + z : 57-94 | 9.93 | 3788 | 3799 | 8.08 | 8.09 
2271 | * 16 - 7 0 “ 60.44 | 0.89 | 3874 | 3947 | 8.00 | 8.08 
2272 3 ‘ ws ce 62.94 | 0.86 | 3959 | 4095 | 7.93 | 8.06 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 85.—Continued. 
PROPERTIES OF Top CHORD SECTIONS. 


Properties Six Angles 


tA 
of boas -- Be to and 
Top Chord Sections. cd Three Plates. 
2g 
4 
S 


Angles. Moments of | Radii of Gyra- 


Grell Inertia. tion. 
Area. | tricity. . A 7 : 

Axis Axis Axis Axis 
Boe. A-A. | B-B, | A-A. | B-B. 


Outside. Inside. | A e I, Ip Ta TB 


Inches. Inches. /|Inches?.| Inches. |Inches‘.|Inches‘.| Inches. | Inches. 


54-38 | 0.76 | 3752 | 3599 | 8.30 | 8.13 
56.88 | 0.73 | 3836 | 3751 | 8.21 | 8.11 
59.38 | 0.70 | 3921 | 3900 | 8.12 +| 8.10 
61.88 | 0.67 | 4005 | 4047 | 8.04 | 8.08 


64.38 | 0.64 | 4090 | 4195 | 7.97 | 8.07 


en oH 


CS 


leon 


55-82 | 0.53 | 3873 | 3700 | 8.33 4 8.14 
58.32 . 3957 | 3851 | 8.23 | 8.12 
60.82 : 4041 | 4000 | 8.14 | 8.10 
63.32 t 4115 | 4147 | 8.06 
65.82 | 0.45 | 4209 | 4294 | 7.99 


} 
=“ 
16 
3S 
8 
ih 
1 
3 
4 


57.22 K 3985 | 3800 | 8.35" 
59.72 p 4068 | 3951 | 8.25 
62.22 i 4151 | 4099 | 8.16 
64.72 ; 4235 | 4245 | 8.08 
67.22 | 0.26 | 4319 | 4392 


walcobs| colony 
ool 


20” X 24”’ Section. B Series. 


32%32x8 | 49.52 | 1.67 | 3285 
ie 52.02 
54.52 
57.02 
59.52 


51.26 
53.76 
56.26 
58.76 
61.26 


32x33} | 52.96 


*Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 85.—Continued. 


PROPERTIES OF Top CHorD SECTIONS. 


Properties - - ae ie —- Six Angles 


of : an 
Top Chord Sections. H ' Three Plates. 


Moments of | Radii of Gyra- 
Inertia. tion. 

Axis Axis Axis Axis 

A-A. | B-B. | A-A. | B-B. 


Gross | Eccen- 
Area. | tricity. 


Cover. 


Outside. Inside. A e I, Ip Ta 


Inches. n Inches. Inches. _|Inches?.| Inches. | Inches‘.|Inches‘.| Inches. 


24X76 X16 | 54-64 | 0.69 | 3807 | 3771 | 8.34 

et 57-14] 0.66 | 3891 | 3923 | 8.25 
59.64 | 0.63 | 3975 | 4073 | 8.16 
62.14} 0.61 | 4059 | 4221 | 8.07 


64.64 | 0.59 | 4143 | 4369 | 8.00 


56.26 | 0.42 | 3949 | 3904 | 8.38 
58.76 | 0.40 | 4033 | 4056 | 8.29 
61.26 | 0.38 | 4117 | 4205 | 8.20 
63.76 | 0.36 | 4208 | 4352 | 8.12 
66.26 | 0.34 | 4284 | 4500 ! 8.04 


57-88 | 0.16] 4081 | 4036 | 8.40 
60.38 | 0.15 | 4164 | 4186 | 8.30 
62.88 | 0.15 | 4247 | 4336 | 8.22 
65.38 | 0.14 | 4331 | 4483 | 8.14 
67.88 | 0.14 | 4414 | 4630 | 8.06 


I On|erk| bole 
an 


ed 


8 
H 


Cae gs ag 


59.46 | —.07 | 4200 | 4166 | 8.40 
61.96 | —.07 | 4283 | 4317 | 8.31 
64.46 | —.06 | 4366 | 4465 | 8.23 
66.96 | —.06 | 4450 | 4611 | 8.15 
69.46 | —.05 | 4533 | 4758 


20" X 26” Section. 


52.27 | 2.14 | 3485 | 4272 
54-77 | 2.04 | 3579 | 4468 
57-27 | 1.95 | 3673 | 4661 
59:77 | 1.87 | 3765 | 4851 
62.27 | 1.79 | 3856 | 5039 


om 


bo 
fe} 
oman he wales 
oP a 


54.01 | 1.78 | 3694 | 4443 
56.51 | 1.71 | 3783 | 4638 
59.01 | 1.63 | 3874 | 4831 
61.51 | 1.57 | 3963 | 5020 
64.01 | 1.51 | 4052 | 5207 


“ce 
“ 


“ce 


*Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 85.—Continued. 


PROPERTIES OF Top CHORD SECTIONS. 


Properties : 
ra tah ~aab es ——- a 
Top Chord Sections. } ut Three Plates. 


Moments of | Radii of Gyra- 
SEES Inertia. tion. 
a ee eee ee eee eee Ecce. SS eee 
Section Bottom. ma tiCHEY il) Tard Axis Axis Axis 
ee Cavee A-A. B-B. | A-A.. | B-B. 
er. H is . 


Outside. ide. I, Ip Ta 


. | Inches. y . |Inches?. Inches‘. | Inches!, 


26x§ xz | 55.71 3 3879 | 4614 

oY 58.21 ; 3967 | 4809 
60.71 ; 4056 | 5000 
63.21 4143 | 5189 
65.71 4230 | 5375 


oat : 
Ke bo 
ON OM 


wloor) 
[e} 
iy 


57-39 | 1-16 | 4053 | 4782 
59-89 | 1.11 | 4139 | 4976 
62.39 4226 | 5167 
64.89 4312 | 5355 
67.39 4397 | 5541 


G0 90 90 60 G0 90.90 G0 G0 90 


OK bo 
Mn HO 


1 
2 
ae 
16 
5 
8 
16 
1 
3 
4 


59:01 4211 | 4945 
61.51 i 4296 | 5138 
64.01 4381 | 5328 
66.51 4466 | 5516 
69.01 ; 4550 | 5701" 


60.63 : 4358 | 5107 
63.13 | 0.60) 4442 | 5299 
65.63 | 0.58 | 4527 | 5489 
68.13 ‘ 4611 | 5675 
70.63 4694 | 5860 


62.21 4489 | 5267 
64.71 | 0.38 | 4573 | 5459 
67.21 : 4657 | 56.8 
69.71 | 0.35 | 4740 | 5834 
Geren 4824 | 6017 


He ROR 
BON OM 


peas Ves aches 


fe) 
1 meron a 


ps] 
2 


Baas Sie 


22" X 26” Section. A Series. 


S dn 
aS) 
ne 


4x4xz | 4x4x | 59.13 | 1.55 | 4811 
« e 61.88 | 1.48 | 4928 
64.63 | 1.41 | 5045 
67.38 | 1.35 | 5163 
70.13 | 1.30 | 5282 


. 
= 
C) 


Le a 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 85.—Continued. 


PROPERTIES OF Top CHORD SECTIONS. 


Exopecticg 
o! 
Top Chord Sections. 


Six Angles 
d 


an 
Three Plates. 


Angles. 


Bottom, 


Outside. Inside. 


Inches. Inches. 


4X4X76 


is) 
aS 
on 


[Co I colony 


Plombononly 


Fi} Ballet 
ale 


Pelco} colon) 
ols 


iS) 
b 
be 


. 
RonhorrloM 


. 


Moments of 
Inertia. 


Radii of Gyra- 
tion. 


Axis 
A-A. 


LN 


.| Inches 


5023 
5137 


{ig262 


5367 
5483 


5219 
5332 
5445 
5558 
5671 


5397 
5509 
5620 
5732 
5844. 


5563 
5675 
5786 
5888 
6009 


Axis 
B-B. 


I 


Inches? 


4640 
4832 
5019 
5204 
5385 


4777 
4967 
5154 
5339 
5519 


4916 
5106 
5291 
5475 
5655 


5047 
5235 
5420 
5604 
5783 


Axis 
A-A, 


Axis 


TB 


.| Inches. 


8.73 
8.71 
8.69 
8.67 
8.65 


8.74 
8.72 
8.70 
8.68 
8.66 


8.75 
8.73 
8.71 
8.69 
8.67 


8.75 
8.73 
8.71 
8.69 
8.67 


22" X 26” Section. 


bo 
vd 
4 


4xh 


non 


8 
nv 
mopar ecrapecina othe 


5104 
5219 
5333 


5446 
5560 


5333 
5445 
5557 
5670 
5782 


4891 
5083 
5271 
5458 
5638 


5082 
5274 
5461 
5646 
5827 


*Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 85.—Continued. 


PROPERTIES OF Top CHORD SECTIONS. 


Properties eee || = Lacan Six Angles 
of ase =o = sees: an 
Top Chord Sections. 4 ! Three Plates. 


Moments of | Radii of Gyra- 
Plates. Angles. Inertia. tion. 


Axis Axis Axis Axis 


IASG A-A. | B-B. B-B. 


Outside. Inside. Ta 


Inches. Inches. | Inches?. - |Inches‘. 


65.07 | 0.48 | 5544 
67.82 f 5656 
70.57 | 0. 5767 
73-32 | 0. 5879 
76.07 | ©. 5991 


66.99 | 0.19 | 5735 
69.74 | 0.19 | 5846 
72.49 | 0.18 | 5957 
75.24 6068 
77-99 | 0.17 | 6179 


68.89 : 5913 
71.64 ‘ 6024. 
74:39 | —-07 | 6135 
77.14 4 6246 
79-89 | —.06 | 6357 


22’ X 26” Section. C Series. 


6x4x} 6x4xz | 63.13 
“ “ 65.88 
68.63 

71.38 

74-13 


65.37 
68.12 
70.87 
73.62 
76.37 


67.57 
70.32 
73-07 
75.82 
78.57 


Naa 
BW ADOn 


ge 90.99.9090 99. 90.90.00.90 90 99 GO G0 Go 


NDRDDDD NUIDDDH 
NOL D Acon-> 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 85.—Continued. 


PROPERTIES OF Top CHORD SECTIONS. 


Pg es 
fo) 
Top Chord Sections. 


Six Angles 
and 
Three Plates. 


Plates. Angles. ‘ oo of Reel ot au 
- na Eccen- g 5 
Section ea. | tricity! avis | Axis | Axis | Axia 
Num- potion. A-A. | B-B. | A-A. | B-B. 


Outside. || Inside. A é I, Ip TA Tp 


Inches. Inches. |Inches?.| Inches. | Inches‘.|Inches‘.| Inches. | Inches. 


x 6x4x7$ | Ox4gxig | 69.73 | —.23 | 6047 | 5480 | 9.32 | 8.87 
I : 72.48 | —.22 | 6158 | 5679 | 9.21 | 8.85 


2425 | “3 75-23 | —.21 | 6269 | 5863 | 9.12 | 8.83 
2426 | “ it sf a a 4 77-98 | —.20 | 6380 | 6046 | 9.04 | 8.80 
2427 | “<= ce oe 4 8 80.73 | — 6224 8.78 


4X4X5 4 | 71.89 | —.51 | 6233 | 5773 | 9.32 | 8.87 
*2429 | “ 2 - cS “ 74.64 | —.49 | 6344 | 5860 | 9.22 | 8.85 
2430 | “ § * * i ‘s 77-39 | —-48 | 6455 | 6044 | 9.14 | 8.83 
2AGT |“ 44 ‘i $ Z S 80.14 | —.47 | 6567 | 6227 | 9.06 | 8.81 
2A32,|" “2 # ‘d & ss | 82.89 | —.46 | 6678 | 6404 | 8.98 | 8.79 
X 28” Section. 
6x4x% | 66.94} 1.89 | 5326 | 6156 | 8.92 | 9.59 
re 69.69 | 1.81 | 5447 | 6389 | 8.84 | 9.58 
2435 | “3 oy a S ss 72-44.| 1.74 | 5566 | 6620 | 8.77 | 9.56 
2436 | 22x38 | 28x$ 4x4x3 | Ox4xze | Ox4xz— | 69.22] 1.50] 5636 | 6391 | 9.02 9.61 
2437 | “ i FS + sa 4 71.97 | 1.44 | 5753 | 6623 | 8.94 | 9.59 
Eich | aalas 3 % — ‘ a 74-72 | 1.39 | 5870 | 6853 | 8.87 | 9.58 
2439 | 22x8 | 28x$ 4x4x4 6x4x} 6x4x3 | 71.50] 1.14 | 5920 | 6627 | 9.10 | 9.62 
2440 | “32 # . Us ss 74.25 | 1.10 | 6035 | 6858 | 9.01 | 9.61 
ZA4ae ||)“ “ oe $s “ 77-00 | 1.06 | 6149 | 7087 | 8.94 | 9.60 
2442 | 22x% | 28x$ 4X4x3 | Ox4xy’s | 6x4xx%— | 73.74| 0.81 | 6184 | 6858 | 9.16 9.64. 
2443 | “ i6 % a As e 76.49 | 0.78 | 6297 | 7088 | 9.07 | 9.63 
2444 | “ ¢ - ia - Hi 79-24 | 0.75 | 6409 | 7315 | 8.99 | 9.61 
2445 | 22x8 | 28x$ 4x4x4 6x4x$ 6x4x$ | 75.94} 0.50 | 6422 | 7086 | 9.20 | 9.66 
2446 | “ i ss He 3 a 78.69 | 0.48 | 6534 | 7315 | 9.11 | 9.64 
2447 | “ Z . s 81.44 | 0.47 | 6645 | 7542 | 9.04 | 9.63 
2448 | 22x8 | 28x$ 4X4x4 Ox4xts | 6x4x}$ | 78.10] 0.22 | 6642 | 7311 | 9.22 | 9.68 
DAAQ) | one 4% ay s cy “ 80.85 | 0.21 | 6753 | 7539 | 9.14 | 9.66 
ZAGO be te ie os By 83.60 | 0.21 | 6864 | 7765 | 9.06 | 9.64 


| 


*Spacing of rivet lines greater than 30 X thickness of plate. 
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TABLE 85.—Continued. 


PROPERTIES OF Top CHORD SECTIONS. 


Popes : i Sl egal rad Six Angles 


0 a a 2 i and 
Top Chord Sections. Three Plates. 


Plates. 
Eccen- 
tricity. 


een Bottom. 
ber. 


Outside. Inside. e 


Inches. Inches. |Inches?.| Inches. |Inches‘. 
6x4x$ 6x4x$ | 80.26 | —.05 | 6851 

ee se 83.01 | —.05 | 6962 
- % 85.76 | —.04 | 7073 


24” X 28” Section. A Series. 


67.00 
70.00 


73.00 
76.00 


20h 


om 


ha AY 
Qn WwW 
mo EO) 


lon 


68.72 
71.72 
74-72 
77-72 


70.44 
73-44 
76.44 
79-44 


| 


Jrscolen 


2) 


tr Q~I G0 
EQ8 F 
bhuN 


waleons 


4X4x76 | 72-12 

Re Gh) 
78.12 
81.12 


“ 
it 


73-76 
76.76 
79.76 
82.76 


3 
4X84Xq 
“ce 


BESORONOS SO SORONO® OSORNO NO, ONO SONO) 50 ONO, 
BAAN ANNA Ann Ann AnANH 


Mm Awo Wm Oo WM Do 


24” X 28” Section. B Series. 


6x4x4 4x4x} | 69.00 
a3 “ 72.00 
75-00 

78.00 


* Spacing ‘of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 85.— Continued. 


PROPERTIES OF Top CHORD SECTIONS. 


Properties on Peres ieee || Six Angles 
of = S ae SS and 
Top Chord Sections. : Three Plates. 


Angles Moments of | Radii of Gyra- 
3 Inertia. tion. 
Eccen- 


q tricity. ly r rf r 
Section Axis Axis Axis | Axis 
Num-| Bottom. ASA, | BoB! ||) AHA. pers 
bers eb. 5 Top. 


Outside. Inside. e Ta Ip 


=) 
B 
i 
ia 
o 
a 


Inches. Inches. .| Inches.| Inches‘. | Inches. 


4X4X 3 4x4xy5 4 1.26 | 7010 | 6794 

ae "g 1.21 | 7158 | 7052 
1.17} 7305 | 7306 
1.13 | 7452 | 7557 


| 
a 


[cop } colen} 
ok 


0.94 | 7285 | 7019 
0.90 | 7431 | 7275 
0.87 | 7577 | 7529 
0.84 | 7723 | 7778 


0.64 | 7535 | 7244 
0.62 | 7680 | 7499 


0.60 | 7825 | 7752 
0.58 | 7970 | 8001 


Lat 


RR 
HOOP lo 


a 


megs eile 


0.36 | 7770 | 7460 
0.35 | 7913 | 7715 
0.34 | 8057 | 7967 
0.33 | 8202 | 8215 


— 


| 


elon 


1.23 | 7061 
1.19 | 7208 
1.14 | 7356 
1.10 | 7503 


0.85 | 7379 
0.82 | 7525 
0.79 | 7671 
0.76 | 7817 


iS} 
a 


a 
abe les 
RON 


Sore 


. 


PS 
Blo} colony lo 
lH 


ROE OH 


0.53 | 7670 
0.51 | 7815 
0.49 | 7960 
0.47 | 8104 


pole 
weno weve wvvr 


AAAN BAAAAD 


WUNT 


alco 


* Spacing of rivet lines of web greater than 30 x thickness of plate. 
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TABLE 85.—Continued. 


PROPERTIES OF Top CHORD SECTIONS. 


Properties iapyee | BB is ce Six Angles 
A ee | | om oe ese peninas ae 
Top Chord Sections. : Three Plates. 


Moments of | Radii of Gyra- 
Inertia. tion. 


Axis Axis Axis Axis 
Cover. Top. bispesed | ces |aeiel SAi|| Pe 2% 


Outside. Ia, Ip TA TB 


. | Inches. Inches. Inches. Inches?. Inches‘.| Inches‘.| Inches. | Inches. 


28x3 4X4X9 6x4xi¢ 77.60 7937 | 7298 | 10.10 

- B i a 80.60 8081 | 7551 | 10.00 
83.60 8225 | 7803 | 9.92 
86.60 8369 | 8051 | 9.83 


LATS 


79.76 8185 | 7519 | 10.12 
82.76 8329 | 7772 | 10.02 
85.76 8473 | 8022 | 9.93 
88.76 8617 | 8269 | 9.85 


woes wLvy 
SNON ONT 
wnt al 


24/’ X 30” Section. 


b 
leo bel 
colon 
of 


6x4x§ | 72.57 6831 | 7875 | 9.70 
75-57 : 6993 | 8187 9.62 
78.57 7152 | 8498] 9.53 


iS) 
al 


mobi 


74.85 7228 | 8157 | 9.83 
77-85 7384 | 8468 | 9.74 
80.85 7539 | 8778 | 9.66 


77-13,| 1. 7593 | 8439 | 9.92 | 
80.13 | I. 7745, | 8749 | 9.84 
83.13 7896 | 9057 | 9-75 


Beee elon 


79-37 7934 | 8716 | 10.00 
82.37 . 8083 | 9025 | 9.91 
85.37 | 1.20] 8231 | 9332 | 9.82 


somptin 


81.57 8248 | 8989 | 10.05 
84.57 8395 | 9297 | 9.97 
87.57 | 0.90 | 8541 | 9603 | 9.88 


moecin 


: tal 
Peeper 


4X4x} 6x4xit | 6x4xt4 | 83.73 | 0.66 | 8531 | 9258 | 10.09 
ss . AY 86.73 | 0.64 | 8677 | 9565 | 10.00 
SS He ¢ 89.73 | 0.62 | 8822 | 9870 | 9.91 


*Spacing of rivet lines of web greater than 30 X thickness of plate. 


TABLE 85.—Continued. 


PROPERTIES OF Top CHORD SECTIONS. 


Properties eal See Six Angles 
of SS ae oe and: 
Top Chord Sections. H Thtee Plates. 


Moments of | Radii of Gyra- 
Boos Inertia. tion. 


r: tricity. 

Section Bottom. MCEY:)" Axis | Axis | Axis | Axis 

Num- A-A. | B-B. | A-A. | B-B. 
Cover. . 


Outside. Inside. e Ta Ip TA Tp 


. | Inches. ' Inches. Inches. |Inches?.| Inches. | Inches*.| Inches‘.| Inches. | Inches. 


20X45 3 6x4xd 6x4x2 | 85.89 | 0.38 | 8806 | 9526 | 10.13 | 10.53 

* we A ey 88.89 | 0.37 | 8950°| 9832 | 10.04 | 10.52 
91.89 | 0.36 | 9094 |10135 | 9.95 | 10.50 
26” X 30” Section. A Series. 


“cc “ 


4x4xk | 75.63 | 2.47 | 8220 | 8157 | 10.38 | 10.38 
‘a 78.88 | 2.37 | 8421 | 8499 | 10:32 | 10.37 
82.13 | 2.27.| 8623 | 8834 | 10.26 | 10.36 


77:35 | 2.15 | 8559 | 8363 | 10.52 | 10.40 
80.60 | 2.06 | 8757 | 8704 | 10.43 | 10.39 
83.85 | 1.98 | 8953 | 9038 | 10.34 | 10.38 
79.07 | 1.85 | 8878 | 8563 | 10.59 | 10.41 
82.32 9062 | 8904 | 10.49 | 10.40 
85.57 9265 | 9237 | 10.40 | 10.39 
80.75 9169 | 8764 | 10.65 | 10.42 
84.00 2 9360 | 9103 | 10.55 | 10.41 
87.25 9551 | 9425 |10.45 | 10.39 
82.39 9441 | 8962 | 10.70 | 10.43 
85.64 F 9629 | 9301_| 10.60 | 10.42 
88.89 9817 | 9632 | 10.50 | 10.41 


B Series. 


77.63 | 2.08 | 8669 | 8669 | 10.56 
80.88 | 2.00 | 8865 | gorr | 10.46 
84.13 | 1.92 | 9061 | 9346 | 10.37 
79.61 | 1.73 | 9042 | 8939 | 10.65 
82.86 | 1.65 | 9238 | 9280 | 10.55 
86.11 | 1.57 | 9434 | 9614 | 10.46 
81.57 | 1.41 | 9389 | 9203 | 10.72 
84.82 | 1.36] 9577 | 9544 | 10.62 
88.07 | 1.31 | 9766 | 9877 | 10.53 


pa 
RRO 
tal 


bd 
cal 


Lente cae eerste ; 


5 


is} 
ial 


a 
ore 


a 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 85.—Continued. 


PROPERTIES OF Top CHorp SECTIONS. 


Properties 
a) 
Top Chord Sections, 


Plates. Angles. Moments of | Radii of Gyra- 
Inertia. tion. 


Bottom. Axis Axis Axis Axis 


Web A-A. | B-B. | A-A. | B-B. 


Outside. Inside. IK Ip TB 


Inches. 5 Inches. Inches. | Inches?. -| Inches‘, | Inches‘. 


Ox4xis | 4x4x1¢ | 83-49] 1.11 | 9707 | 9468 
: : 86.74 | 1.07 | 9894 | 9807 
89.99 i 10081 |10139 
6x4x2 4x4x$ | 85.39 .82 |I001I | 9730 
a i 88.64 .80 |10195 |10069 
91.89 ; 10379 |10400 


26” X 30" C Series. 


or 


“ce “ 


Mcojen loom) 


E 


wale 
o 


“cc 


tal 


79.63 , g100 | 8727 
82.88 : 9292 | 9067 
86.13 : 9481 | 9403 


81.87 F 9500 | 9004 
85.12 . 9688 | 9343 
88.37 E 9875 | 9676 | 
84.07 . 9870 | 9275 
87.32 -95 |10056 | 9614 
90.57 | 0.91 |10243 | 9946 


86.23 .66 10212 | 9548 


89.48 63 |10397 | 9885 
92.73 : 10582 |10215 


88.39 10530 | 9817 
91.64 36 |10723 10154 
94.89 35 |10897 |10483 


5 
8 
Cae tel 


r) 


cal 
color welch 


i= 
Ol 


a a 
tal 

coer Walco) 

mj 


ma poe 
i c 


Cc) 


tal 
mtcojen paleo 


I 


wer 


X 32” Section. 


S 
ne 
mie 


84.94 5 9017 |10718 
87.22 i 9498 |11048 
89.50 | 2.03 | 9948 |11379 
91.74 .69 |10369 [11703 
93-94. 37 |10761 |12023 
96.10 06 |II124 |12338 
98:26 80 |11466 |12652 


*Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 86. 


PROPERTIES OF Top CHorD SECTIONS. 


Properties of ra Ua i 4 = Eight Angles with 
Extra Heavy - = : -f Short Legs Turned Out 
Top Chord Sections. | and Five Plates, 


Moments of | Radii of Gyra- 
Inertia. tion. 
Eccen- | _ 
tricity, F ; 
; Axis Axis 
Top. Bottom. eae B_B. 


Outside. | Inside. | Outside. |. Inside. Ta Ip 


Inches. | Inches. | Inches. | Inches. |Inches.? Inches.4/|Inches.4], Inches. 


22” X 28” Section. 


6X4X4 |6X4X#/6X6X§ |6X6X§] 99.94] 0. 7436 

ce “ee “ cc 105.44 fs 7660 
110.94 7884 
116.44] 0. 8107 
121.94 8330 
127.44 8554 


2 


ci 


+ color be] 
wm 


22Xi5 
at, 
2 
« 9 
“ 
“ 
it3 


nie 


24” X 30” Section. 


6X6Xs |6X6X F119.51 
“ce 6c 125.51 
131.51 
137.51 
143.51 
32” Section. 
6X6X#/131.26] 0.74 
Si 1/0317,76)|| 10x70 
144.26] 0.67 
150.76| 0.64 


“cc 


“ 


28” X 34” Section. 


6X6Xz |6X6X 4144.01 | 0.83 
se ‘ \t51.08)|| 0:79 
158.01 | 0.76 


“ “ 


30” X 36” Section. 


30X48] 36X38 6X4xXt 6X6x3 6X6X 4157-76] 0.92 | 20627 | 26810} 11.44 | 13.03 
righ: s 1165.26] 0.88 | 21196] 27920] 11.33 | 13.00 
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TABLE 87. 
PROPERTIES OF PLATE GIRDERS. 


Oe | 
1 
+ 
---—> 
‘ 
H 
H 
H 


\ 
es 


Dime ts 


er 
' 

< 
i@saden sans 


Some specifications require that plate girders be proportioned by the moment of inertia of 
their gross section and some by the moment of inertia of their net section. ‘The moment of inertia 
of the gross section can be obtained by direct addition from Tables 3, 5 and 33. The moment of 
inertia of the net section is obtained by subtracting the moment of inertia of the holes from that 
of the gross section. ‘The moment of inertia of the holes can be calculated by the formula J = Aph?, 
the moment of inertia of the holes about their own axis being negligible, 4 being the diametral 
area of the hole and h the distance from the neutral axis to the center of the hole. 

The method of calculating the moments of inertia of plate girders will be illustrated by a typical 
example. 

Example: Determine the moment of inertia and section modulus of a section consisting of 
4 angles 5/’x34/x3”, long legs out, 24%’ back to back, 1 web plate 24/’x3”, 2 cov. plates 12’’x3””. 
Moment of Inertia and Section Modulus of Gross Section. 


: b.to b. Angles.| Extreme Fiber. Moment of Inertia, Axis A-A. Section Modulus. 
tem. = 
d c I S =Ile. 
Table. 
Inches. Inches. Inches. Inches‘. Inches’, 
4 4 5x32X3 24.5 33 2074. 
1 Wb. Pl. 24x? ss 12.25 + 0.625 Zz 432 p4e7ea 
2 Cov. Pl. 12x es . 5 2366 12.875 
12.875 Total J = 4872 S = 378.4 


Moment of Inertia of Rivet Holes (}” Rivets, 1’ holes). 
Dur eee Dist 


ve ko), et eae Aoh? 
Location. - Number. txd Avetecd h h2 


Size. Area. 


Inches. ~ Inches.? Inches. Inches?. 


Web 2 13x 2.75 10.3 106.1 "492 
Flange 4 IgxI 4.50 12.3 151.3 681 
Total = 973 


The Moment of inertia of the net section is 4872 — 973 = 3899 in.4, and the section modulus 
is 3899 + 12.875 = 302.8 .in.’. 

Approximate Methods. : 

The use of the moment of inertia of the net section in proportioning plate girders, requires 
that holes in the compression flange be deducted as well as those in the tension flange. This only 
approximates the true condition so that great accuracy in calculating the moment of inertia of the 
net section does not seem warranted. The following approximate solutions give results which are 
sufficiently accurate for use in design. 

Net Area 12 


1st Approximate Method: 
Net J of Angles = Gross I X Gross Area a x ae 1556 Table 33. 


Net J of Web Pl. = Gross I of Net Depth = I of 22” X 3” Pl. = 333 io ame 
Net J of Cov. Pls. = Gross IJ of Net Width = I of 2— 10” X §” Pls. = 1972 

Total Moment of Inertia of Net Section 3861 in. 
2d Approximate Method: 


ae Net Area _ REA pe 
Net J = Gross I X Grou asceae 4872 X cos 3989 in. 
This method 


ives more accurate results for sections without cover plates. 
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TABLE 88. 
CENTERS OF GRAVITY OF PLATE GIRDER FLANGES. 
CHICAGO, MILWAUKEE & ST. PAUL RY. 


pe! pe 2 Type 3. 
2YPE T. ’ TYPE 2. 
Two 6” x4” Bottom Angles. Four 6” x4” Bottom Angles. 


Thickness in Inches. Two Top Thickness in Inches. 
Angles. 


Inches. 


5.12 
4.81 
4.59 
4.42 
4.28 
4.38 


ee) 
Peed 
C-) 
x 


far |e2 00] bol 


= 
ls 


TYPE 3. 


Size £ Thickness of Plate, Inches. 
of Angles. 


In. 


6X6Xt 


6X6Xs 


ee bel 


6X6Xi 


6X6XF 


8X8xt 
8X8xXF 
8x8Xx? 
8X8XF 
8X8XI1 
8X8X 1h 


TABLE 89. 
Upset ScREW ENpDS FOR SQUARE Bars. 
AMERICAN BRIDGE COMPANY STANDARD. 


Pitch and Shape of Thread A. B. Co. Standard. 


UPSET. 


na Additional | Diameter Area. 

Area, wee : Diameter Length pei eee of 
Sq. Foot, ‘ a, Upset Thread At Root Excess 
Inches. Lbs. Inches. Inches. +10%, c, a a Ane 
read, rea 0! 

Inches. Inches. Sah Inches? Baron 


- 


i cole 


1.91 


2.60 


0.939 0.693 23.2 
1.064 0.890 16.2 


nl 


lr olen Role 


3.40 
4.30 
5.31 
6.43 


1.283 1.294 209.4 
1.389 1.515 19.7 
1.615 2.049 . 2 TKr 


lal 


Lal 


cal al 
(a 


nv 
BiH BH 


1.711 2.300 


al 


7.65 
8.98 


dvd 


1.961 
2.086 
2.175 
2.425 


cl 


10.41 


& bd 
mie BI ico 


Lal 
CS 


bv 


11.95 


iS) 


13.60 


15.35 
17.21 


bd 
ola 


2.550 
2.629 


2.879 
3.100 


iS} iS) 
CT ee 


Ww w 
ESS 


iS 
w 
wo le 
an 


19.18 


Mm 
TS oe ad 


b 


iS) 
Bar wie air BiH 


21.25 3.317 
3-317 
3-567 


3-798 


mio ml 
N 


dvd 


23.43 
25.71 
28.10 


wn 


fon} 
bolt bot 


fh w we 


iS 
> 
Lata 
“I 


30.60 


33.20 
35-91 


> 


3-798 
4.028 


4.255 


~~» Ww 


w 
Cole oe 

. 

leo 

Sy OST CCN 

bole 


Upsets marked * are special. 
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TABLE 90. 
Upset Screw ENps ror RounpD Bars. 
AMERICAN BRIDGE COMPANY STANDARD. 


Pitch and Shape of Thread A. B. Co. Standard. 


UPSET. 


L Additional | Diameter Area. 

Diameter Area, Weight Diameter Length Length at Root = 
d, Sq. per Foot, b, a, for Upset | of Thread 

Inches. | ,Inches. Lb. Inches. Inches. +10 %, c, At Root Excess 

Inches Inches: of Thread, | Over Area 

. Sq. Inches. | of Bar, %. 


0.838 0.551 24.7 
1.064 0.890 48.0 


0.442 1.50 
0.601 2.04 


i) 


4 
i 


0.785 2.67 
0.994 3.38 
1.227 4.17 
1.485 5-05 


Cal 


1.158 1.054 34.2 
1.283 1.294 30.2 
1.389 1.515 23.5 
1.490 1.744 17.5 
1.711 2.300 30.2 
1.836 2.649 27a 
1.961 3.021 25.6 


ot 
Wwico Golen bol oles 


oe 
Co I cole 


PS ES ES ES ES ¢S 


i] 


1.767 6.01 
2.074) ||. 7.05 
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Upsets marked * are special. 
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TABLE 91 
STANDARD Eye Bars 
AMERICAN BRIDGE CoMPANY STANDARDS 


ORDINARY EYE Bars ADJUSTABLE EyvE Bars 
' 1 


Add. Material A 


Width, In, 
Excess Head 
Over Bar, 
For Order- 
ing Bar, 
Ft. & In. 
For Figuring 
Weight of 
Bar, Ft. & 
In. 

Width, In 
Min. Thickness, 
In 

Excess Upset. 
Over Bar, % 
Length M., In. 
For Figur- 
ing Weight, 
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Bars marked * should only be used when un- 
avoidable. 

Minimum length of short end from center of pin 
4-I1 | 4- § || toend of screw 6’—6”, preferably 7’—0”, 

5=— 6 | 4-10 Thread on short end to be left hand. 

Deduct Pin Holes when figuring weights. 
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Bars marked * should only be used when ab- 
solutely unavoidable. 
Deduct Pin Holes when figuring weights. 
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TABLE 92. ~ 
Loor Robs. 
AMERICAN BRIDGE COMPANY STANDARD. 


Right a, ate Left Thread 


Thread 12! 


(_@_ ss 
oe For Turnbuckle 
kd For Sleeve Nut 


Pitch and Shape of Thread A. B. Co. Standard. 
AppitIoNaL LENGTH “A” IN FEET AND INCHES FOR ONE Loop. 
A =4.17P + 5.80R. 


Diameter or Side ‘‘R" of Rod in Inches. 
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Pins marked * are special. Maximum shipping length of “L” = 35 feet. 
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TABLE 93. 
CLEVISES. 
AMERICAN BRIDGE COMPANY STANDARD. 


All dimensions in inches. 


| Clearance Line 
kK 


coy 


WUfd 


Grip = thickness of plate + 3’. 


Diameter Diameter 


* Number of 
Clevis 


Number of 
a Width 
tf} Extreme. 
> Distance 
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Clevises to be used with the Rods and Pins given above. 
Clevises above and to right of zigzag line may be used with forks straight, those below and to 
left of this line should have forks closed so as not to overstress pin. 
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TABLE 94. 
TURNBUCKLES AND SLEEVE Nuts. 
AMERICAN BRIDGE COMPANY STANDARD. 
All Dimensions in Inches. 


TURNBUCKLES. SLEEVE NUTS. 
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Pitch and shape of thread, A. B. Co, Standard. 


Standard Dimensions. 
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TABLE 95. ; 
BriDGE Pins AND Nuts. 
AMERICAN BRIDGE COMPANY STANDARD. 
All Dimensions in Inches. 


\_____Distance between Shoulders. 


ce between Nuts 


‘4 


aodfyrr== 


To obtain grip, add 7” for each bar. Nuts threaded 6 threads per inch, 
To, obtain distance between shoulders, add amount given in table to grip. 


Nut. 
Diameter of Pin, Thread. ick- i: Diam-| #3 
a. read ada sant ee Diameter. Depth: ic, & z Spat 
; * OU: q 
afc pe || GHDe lata VA Caah aa ie mee. | Be eee 
2, 24 bey 1 t 4 215 35 25 4 135 I.1,| PN 21 
Py 24] 209 | S85 lend 1 | 3p) 48 | 3b bP ue 1 7 Ee 
3, A%3p we3t|, erase) Pei tele dees 3a | & | 27g | 2-5 | PN 23 
Sie ae ae ae Os Ms ea ee 
“4%, 42, *42| 32 12 2 13 ot 63 St 3 376 | 4.61 PN 25 
eerlh 1s 2 1% | 63 aie) 52 | 4 | 338 | *6-2°/ SPNizG 
Ba ane MO | Ze It 3 TE ey 8h) 6h.) 9k |) Ades 127-80 RE Nizy 
“oh 6h) Seat Re Loe Le 1 Ze Sh 77) A ee 
pis SCI RS) Oe ie aie ee es ec a ee Be 
473, #732 Sa) | 2 z Iz | 8% | Io 8 2 | Sie | 14.3 |. PN 30 
1a eile *8i| 6 24 ¢ 2t | 98 | 10 | 82 | @ 5te | 18 PN 31 
*83 9 6 24 4 24 rot 11f 98 3 sik | 23.8 | PN 32 
*92, to | 6 2% t Dreagaae a ro | 3 | ste | 31.1 | PN 33 


Pins marked * are special. 


TABLE 96. 


Cotter Pins. 
AMERICAN BRIDGE COMPANY STANDARD. 
All Dimensions in Inches. 


‘ 1 t | 
Ke oe=-=-G—— ~nore 1%, 
' H 


+ 


or a 
1 
1 
P 


1 
' 
ans 


HORIZONTAL OR VERTICAL PIN FINISHED. HorizontaL Pin RouGu or FINISHED. 
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TABLE 97 


BEARING VALUES OF PINs. 


Pin. _ Bearing Value of Plate 1” Thick for Unit Stress per Square Inch of Diam. of Pin 
Diam. in In. Area. 12 000 15 000 20 000 22 000 24 000 Pat iss 
I 785 12 000 15 000 20 000 22 000 24 000 I 
Le 1.227 I5 000 18 800 25 000 27 500 30 000 Iz 
14 1.767 18 000 22 500 30 000 33 000 36 000 Iz 
1z 2.405 21 000 26 300 35 000 38 500 42. 000 i 
2 3.142 24 000 30 000 40 000 44 000 48 000 2 
24 3.976 27 000 33 800 45 000 49 500 54 000 24 
25 4.909 30 000 37 500 50 000 55 000 60 000 25 
2% 5.940 33 000 41 300 55 000 60 500 66 000 2% 
3 7.069 36 000 45 000 60 000 66 o00 72 000 3 
32 8.296 39 000 48 800 65 000 71 500 78 000 3i 
Ba 9.621 42 000 52 500 70 000 77 000 84 000 35 
32 11.045 45 000 56 300 75 000 82 500 go 000 32 
4 12.566 48 000 60 000 80 000 88 000 96 000 4 
4k 14.186 51 000 63 800 85 000 93 500 102 000 4t 
43 15.904. 54 000 67 500 go 000 99 000 108 000 43 
4 17.721 57 000 71 300 95 000 104 500 114 000 4¢ 
5 19.635 60 000 75 000 100 000 IIO 000 120 000 5 
St 21.648 63 000 78 800 105 000 115 500 126 000 st 
5% 23.758 66 000 82 500 110 000 I2I 000 132 000 oF 
St 25.967 69 000 86 300 II5 000 126 500 138 000 ° of 
6 28.274 72 000 go 000 120 000 132 000 144 000. 6 
6t 30.680 75 000 93 800 125 000 137 500 150 000 65 
67 33-183 78 000 97 500 130 000 143 000 156 000 65 
62 35-785 81 000 IOI 300 135 000 148 500 162 000 6$ 
7 38.485 84 000 105 000 140 000 I54 000 168 000 7 
7 41.282 87 000 108 800 145 000 159 500 174 O00, 7 
Vi 44.179 go 000 II2 500 150 000 165 000 180 000 rir 
73 47.173 93 000 116 300 155 000 170 500 186 000 7% 
8 50.265 96 000 120 000 160 000 176 000 192 000 8 
8} 53-456 99 000 123 800 165 000 181 500 198 000 gt 
8} 56.745 102 000 127 500 170 000 187 000 204 000 83 
82 60.132 105 000 131 300 175 000 192 500 210 000 8t 
9 63.617 108 000 135 000 | 180 000 198 000 216 000 9 
ot 67.201 III 000 138 800 185 000 203 500 222 000 ot 
9% 70.882 114 000 142 500 190 000 209 000 228 000 95 
9t 74.662 117 000 146 300 195 000 214 500 234 000 9t 
10 78.540 120 000 150 000 200 000 220 000 240 000 10 
10f¢ 82.516 123 000 153 800 205 000 225 500 246 000 10} 
104 86.590 126 000 157 500 210 000 231 000 252 000 104 
104 90.763 129 000 161 300 215 000 236 500 258 000 10} 
II 95.033 132 000 165 000 220 000 242 000 264 000 II 
11} 99-402 135 000 168 800 225 000 247 500 270 000 11} 
114 103.869 138 000 172 500 230 000 253 000 276 000 lg 
ire 108.434. 141 000 176 300 235 000 258 500 282 000 11} 
12 113.097 144 000 180 000 240 O00 264 000 288 000 12 
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TABLE 98 


BENDING Moments on Prns. 


Max. Moments in Inch-Pounds for Fiber Stress per Square Inch of 
; of Pin 
ae Area. | 15 000 | 18 G00 | 20 000 | 22 000 | 22 500 | 24 000 | 25 000 | inIn. 
I 785 I 470 I 770 I 960 2 160 2 210 2 360 2450; 1 
1% 1.227 2 880 3 450 3 830 4 220 4 310 4 600 4 790 iz 
I 1.767 4 970) 5 960 6 630 7 290) 7 460 7 950 8 280 IZ 
13 2.405 7 890 9 470; 10 500; Ir 580] 11 800] 12 630 13 200 12 
2 3.142 II 800 14 100 I5 700 17 280 17 700 18 800 19 600 2 
24 3-976] 16 800} 20 100] 22 400 24 600] 25 200/ 26 800’ 28 ooa 24 
25 4-909} 23 000] 27 600] 30 700] 33 700 34 500} 36 800] 38 300 ae 
23 5-940] 30 600} 36 800] 40 800 44 900} 45 900} 49 000] 51 c00 a 
3 } 7-069] 39 800] 47 700 $3 000) 58 300] 59 600] 63 Goo] 66 300 3 
3i 8.296} 50 600} 60 700] 67 400 74 100| 75 800! 80 goo} 84 300 32 
33 9.621] 63 100} 75 800] 84 200 92 600] 94 700] 101 C00 105 200; 34 
33 TT.045} 77 700! 93 200) 103 500] 113 900] 116 500 124 300] 129 4oo] 33 
e 
4 12.566] 94 200] 113 100] 125 700 138 200] 141 400] 150 800 157 100; 4 
4g 14.186] 113 000] 135 700] 150 700 165 800] 169 600] 180 goo} 188 400] 44 
45 15.904] 134 200] 161 000] 178 goo] 196 800] 201 300), 214 700] 223 700/ 44 
42 17.721) 157 800] 189 400] 210 400] 231 soo] 236 700} 252 500] 263 cco] 43 
5 19.635] 184 100] 220 900] 245 400 270 000} 276 100] 294 500] 306 800 5 
st 21.648] 213 100] 255 700] 284 100 312 500) 319 600} 340 900] 355 200 Sz 
52 | 23-758} 245 000) 294 000] 326 700] 359 300 367 500] 392 000] 408 300] 3 
52 25-967} 280 000] 336 000] 373 300 410 600] 419 900] 447 900 466 600] 53 
6 28.274) 318 100] 381 700] 424 100 466 500] 477 100] 508 goo 530 100] 6 
6% | 30.680] 359 500} 431 400] 479 400 527 300] $39 300) 575 200] 599 200] 6% 
63 33-183) 404 400] 485 300] 539 200 593 100] 606 600! 647 100 674 000] 62 
©£ | 35-785] 452 900] 543 500) 603 900] 664 300| 679 400 724 600} 754 800] 63 
7 38.485) 505 100] 606 100] 673 500 740 800} 757 700] 808 200] 841 800 7 
7% | 41.282] 561 200] 673 400 748 200} 823 100] 841 800] 897 900 935 300] 7% 
a5 44.179] 621 300) 745 500] 828 400 GII-200} 931 900} 994 oo0|1 035 400 75 
7 47-173| 685 500) 822 600] 914 ooo|r 005 400|I 028 200]1 096 8o0|r 142 500 7¢ 
8 50.265] 754 000] 904 8oo|r oos 3O00/I 105 800|1 131 COO|1 206 4oo|r 256 600] 8 
8} 53-456] 826 900] 992 300|1 102 soolt 212 8oolr 240 400/I 323 COO/T 378 200] gt 
83 56.745] 904 400|t O85 300/1 205 8oo|r 326 400)1 356 600|r 447 coo|r 507 300] +88 
8% | 60.132] 986 500/r 183 goolr 315 400/1 446 goo|1 479 800]r 578 soolr 644 200] 82 
9 63.617, 073 Soo|r 288 200]1 431 400|I 574 500) 610 300} 717 7o0|1 789 200 9 
Of 67.2011 165 500|1 398 6o0|1 554 coolr 709 400/1 748 300]1 864 800|1 942 500] ot 
94 70.882|1 262 600/1 515 1o0|1 683 500/I 851 800/1 893 go0|2 020 Io0\2 104 300 9+ 
9? 74-662|1 364 900|1 637 goolr 819 900}2 OO 900|2 047 400/2 183 go0|2 274 goo] 93 
aK) 78.540|1 472 600|1 767 100|1 963 sool2 159 800)2 208 goo/2 356 200]2 454 400] 10 
toy | 82.516/1 585 g00|1 903 000|2 II4 500|2 325 900/2 378 800/2 537 400!2 643 100] 10} 
10z | 86.5901 704 700/2 045 7002 273 00/2 500 300|2 557 100/2 727 600/2 841 200] of 
t |-90.763|1 2 2 2 2 2 3 
95-0331 2 2 940 100/3 136 100/3 266 800] 11 
Il} 99-402|2 096 800/2 516 100]2 795 700/3 076 200/3 145 00/3 354 800/3 494 600] 114 
IIz |103.869|2 239 7ool\2 687 600/2 986 200]/3 284 900/3 359 500/3 583 500/3 732 800] 112 
IIg |108.434|2 2 3 3 
12 113.097 4 
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TABLE 99. 


Lone Prior Nuts. 
AMERICAN BrIpGE COMPANY’S STANDARDS. 


Pilot Nuts are made from Special Hard Steel 
[next d and finished all over. 
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Screw, 6 Threads per Inch. 
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TABLE 100 
SHorT Pitot Nuts anp Drivinc Nuts. 
AMERICAN BrIDGE CoMPANY’s STANDARDS. 
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| L-) bw $ . oy oe Ge ws “) Ge 
Oe She Our ee,| # a re] Ole Ouse Ck ate Oey | centile a8 . On 
ds gb Ae $2 i) 2) 23]) 3) 38) .88| 23] $< laes] 23 Bag 
829) a a oO £ 8S) 8/850 2 aa) ag 80 [ey 
aZ a ao gy S as az EI ERS oy 89 |s8a| Gd Ba 
Sg SA |e) $F} ba) BS | wel 8 SH \Se5| gd | es ised) og sq }os 
A fale | ia) o| a oe || A aA S& oja | QA fe 
Das jaar ior) rR |S Dees S Helene etree: lk! = Caller a dB uae 
ay 54 ~ 
al! 12 lis 2" 12” 4h” iG 23” i! 135” " As 2a” By 2! 23," an 4 
2h “ec “ “ I 27 2 y23 “ 3 “ 29 fe 3 “c 
t 13 “ “ce é 8 1 4 “ce 48 5 3% 715 os “ 5 
2z7| 2 |li6 I I. 38 | 22 | 276 5 | 28 | Igz}.28 | 326 8 
23 “ “ iT (77 I 5 
. eh 13 3 13 1 t: ‘ 
3 Fe A) cs pre Ih a Me am 
Balt ec terity sf 3 2. 4g | 32 |3i6 58 132 32 17 
rT “ “ “ “ ““ 2 23 eS 62 “5 128 25 3 BL 
34 3. 8 4 | 316 8 32 8 34 22 
3 13 4: «& “ec 
34 3 216 23 3- 1 1 Be “ 62 rT rie 3 on “e 
4 ce c « « ce 4 42 416 ‘ 4 233 Ze 38 Weed / 
atl at lake |< |<] «<1 a lS ae] |e] 8 ley ae | ee | 32 
a Tea Ween vce tla ce 5 4 | 52 | Sie 78 233 56 
2 . 
3 “ec “ “c “ 
SF Tr NGRe ced ee haoee, Wiese coon tas Alen ms va 
3. ce 3is “ec “ “ oe 9% “ “ 83 ae c 48 Tt 86 
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Tal Ow) Sie 3 4 | 14. 
8 3 ze < * SILO: Pilot Nuts and Driving Nuts are made from special 
8t i 3 e * “|19. || hard steel. Pilot nuts are finished all over. 
83 % : : S SS p2Es Screws 6 threads per inch. 
8i 4 Selig When short pilot nuts are needed on bottom chord 
9 | “ | « | « | « | « J|2g |} pins, long pilot nuts are to be sent for all other pins, 
ot «« “ Po “ 7 in addition. 
14 
92 
2 | 
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TABLE 101. 
ScrEW THREADS. 


AMERICAN BRIDGE COMPANY STANDARD. ; 
Botts, Rops, EvE Bars, TURNBUCKLES, SLEEVE NUTS, AND CLEVISES. 


Diameter. Area. INGmber Diameter. Area. Number 
re) 0) 
Total | Net, Total Net Threads | Total, | Net, Total Net Threads 
d, ic Dia., d, Dia., c, pet d, Ss Dia., d, Dia., c, BEE 
In. In. Sq. In. Sq. In. Inch, In. In. Sq. In. Sq. In. Inch. 
z 185 049 027 20 23 2.175 4.909 3-716 4 
a 294 110 .068 16 2% 2.300 5.412 4.156 4 
2 4.00 196 126 13 24 2.425 5-940 4.619 4 
3 507 307 .202 IE 2g 2.550 6.492 5.108 4 
3 620 442 302 10 
z 73.1 .601 419 9 3 2.629 7.069 5.428 3a 
ire 2.879 8.296 6.509 33 
i 838 -785 551 8 32 3.100 9.621 7-549 32 
13 939 994 93 7 34 3-317 11.045 8.641 3 
ie 1.064 1227, 890 7 
13 1.158 1.485 1.054 6 4 3.567 12.566 9-993 3 
14 1.283 1.767 1.294 6 44 3-798 14.186 11.330 23 
13 1.389 2.074 T5005 oe 4 4.028 15.904 12.741 2t 
13 1.490 2.405 1.744 5 4t 4.255 17-721 14.221 23 
1% 1.615 2.761 2.049 ig 
5 4.480 | 19.635 | 15-766 23 
2 Toyre 3.142 2.300 44 ot 4.730 21.648 17.574 2 
2% 1.836 3-547 2.649 43 52 4.953 | 23.758 | 19.268 25 
24 1.961 3-976 3.021 44 52 5.203 25.967 21.262 23 
23 2.086 4.430 3.419 43 6 5.423 28.274 | 23.095 2} 


Bott Heaps AND Nuts, 
AMERICAN BRIDGE COMPANY STANDARD- 


Rough Nut. Finished Nut. Rough Head. Finished Head. 


f g f g f h f h 


r.5d + 3” d isd +s” | d— de” 1.5d me of | r.5d + ae” | O5f — te” 


For Screw Threads, Bolt Heads and Nuts, the American Bridge Company has adopted the 
Franklin Institute Standard, commonly known as United States Standard. 
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TABLE 102. 
BoL_t Heaps AND Nuts, DIMENSIONS IN INCHES. 
AMERICAN BRIDGE COMPANY STANDARD. 


NUT. 


= Hexagonal. pees Square. a Hexagonal, aoa Square. 
¥ 5 e . Hexagonal. Square, 
es poe Oo ca = Hex. or (0) 
38 ey, $a Square. KYA 
8 __ Diameter. oo Diameter, g Diameter. co Djameter, 
a Diameter. Diameter. A Diameter. Diameter, 
Long. | Short. | Height. | Long. | Short. Long. | Short.| Height. Long. Short. 
z $ 3 ry ie 2 z 3 3 z ts 2 
3 78 | te 3 I i 3 is | is 3 I ie 
i leu 3 6 13 t ea $ 2 It t 
Ge eee || Mer: is Tay | ata $ } tk) ide s 1} lis 
SS a ee 8 ie | 12 @ | Ive | 14 é 16 es 
@ | ris | ts ! oa) fie ea OES ok ise 3 276 iis 
I 14 13 iz 235 18 cml a 3 I 235 13 
1 23 176 ié 276 | tte | Ia -| 25 1t¢ 1g 26 1i¢ 
1 235 | 2 I 212 | 2 1t 23; | 2 It 233 2 
| Ore || ae Ig s | 2% | 18 | 2x6 | 23% 1g 38 216 
17°) 23 | 23 Is 38 | (28 17 | 22 2) 23 IZ 38 23 
i | 3 23% 176 | as Ie ee WS 236 Ig 38 236 
Pee Sngei) 23 Ig 35° «| 28 ey Wr | ee: i 3% 23 
re Sie || 226 13 Areal 24e) |) ae.) Sam) 2th 1g 416 28 
2 38 | 3 1x6 4is | 3% 2 38 | 38 2 476 38 
23 | 4i6 | 33 hs 4t6 | 32 24 | 476 | 32 24 4i6 2 
23 | 44 «| 38 146 53 «| 38 23 | 43 | 38 23 53 3% 
2g | 438 | 43 28 6 44 | 22 | 438 | 42 24 6 t 
3 3 | 43 236 6s | 48 3 53 | 648 3 6x6 48 
3h. | 5a | 5 24 Tis | 5 Suan eS teal lus 32 736 5 
33 + Ss 2t6 78 | 58 Ba Oee ase 32 7% 53 


Bott THREADS, LENGTH IN INCHES. 


Diameter, Inches. 


Length, } 
Inches. rt } 
Tito. i 2 3 I Deb leeteseve:s 
TE tO) 12) 4 4 I it 14 Siva dete ae «il Mase ete Eee 
~2kto 2% Z 3 I ii 14 13 ct Mm crete anges eas 
2§ to 3 $ z I 11 1} 13 ip De neaiae lcmrgenckol ets 
% to 4 t 3 1% It +6 1t i 24 23 
44 to 8 I I 1t 14 12 y) 2} 2g 23 
8% to 12 1} 13 2 2} 24 8 3 
12% to 20 I I | 14 2 2 2} 24 3 3 


Bolts not listed are threaded about 3 times the diameter; in no case are standard bolts threaded 
closer to the head than } inch. 
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Length 
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Per Inch 
Additional 


TABLE 103. 

Botts wits HEXAGON HEaApDs AND Nuts. 
AMERICAN BRIDGE COMPANY STANDARD. 
WEIGHT IN POUNDS PER 100 ‘BOLTS. 


8.7 


12.5 


17.0 


202 163 
208 17 
213 175 


Per Inch 


22.3 | Additional 


Hexacon Nuts AND Bott HEADs. 
WEIGHTS IN Pounps FoR ONE HEAD AND ONE NUT. 


58 92 | 137 
60 96 | 143 
63 Ioo | 149 
66 | 105 | 156 
68 | t09 | 162 
71 114 | 168 


os | 165 | 243 
107 || -F70-4"-250 
110 | 174 


5.6 


Diameter of Bolt, Inches. 


14 


2 2h 


Diameter of Bolt, Inches, 


Hexagon Head and Nut 
Weight of Shank per Inch 


2.95 
-5007 
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4-61 
6815 


6.79 
_ +8900 


13.0 
1.391 


TABLE 104. 

Botts witH SQuARE HEADS AND Nuts. 
AMERICAN BRIDGE COMPANY STANDARD. 
WEIGHT IN PounDs PER 100 BOLTs. 

Diameter of Bolt, Inches. 


Length Under 
Head, Inches. 


oy 


vs 3 & 


Dal 


15 22 37 
16 23 39 
17 24 41 
18 26 43 
19 27 45 
20 28 47 
21 30 49 
22 31 SI 
24 33 54 
25 35 58 
28 38 62 


Lod 


Lal 
Ca eo Lal 


ND 00 SSID ON Os) (Oh Gn  Ur SOn Boat 


30 4t 66 
32 43 71 
34 46 75 
36 49 79 
38 84 
40 88 
42 92 
45 |. 97 
49 
53 114 


° 


I 
° 


Per Inch 
Additional... : - é : ( 8.7 


SQuarE Nuts AnD Bott Heaps. 
WEIGHTS IN PouNDS FoR ONE HEAD AND ONE Nout. 


Diameter of Bolt, Inches. 1y ri ; 


x 


Square Head and Nut ; B55 5.48 
Weight of Shank per Inch... 4 .5007 6815 


TABLE 105. 


LENGTHS OF BoLTs AND TiE Robs. 


le----Grip---->| 


CI = 
Case rGaaaIbN 
—s LJ 
te—-=-Length---——>1 
, Diameter. F Diameter es Diameter. 
CED 3” ar ra ¥ xy” De 4" ” Fd q x”? PDs pan gv ra # zy” 
4” tel gt! (lt Bee 53” (aad 9” of 9” coy 93” 
His) | 5 | 5 Sk 15k aS Oo | Oo) oO eer aes 
21 516 | Se | Se | 53] Sel eor | 9) | Ob eOn mos 
3 Pedal: eacul utes: 3 1 1 Fi 1 
8 5 52 | 52 | Sz | 52 8 2. 93 92 93 2 
yl a a’| ah] oY) aa] SH] SE [SE] SEL @ | 4 | ob] oF] 9b] 9] 10 
Pe) Rie | eral) ee eeuiice ce as 6 | 6 #098 |) 98) Of paOe ie 
BRIERE EACA Ee Rewteates 
s Iz | Ig | la | 2 2 8 52 8 2 
I Tey re, ee rz sek 1s 6 | Grr Gr Gea) So Io | Io | 10 | 10 | 10g 
z Tpe2 6 noe lees || t+ |6 | 6 | 62) Gy 6s 2 |10 | 10 | 10 | 103 | 103 
ease 2, 3) Peas 24 22 z 6 6 6} 63 63 z to | 10, 103 103 103 
3 at 1 XL i 3 1 1 24 i 3 i ey i i 
a | 2, | 22 | 24 23 24 3 eS ee i CF 63 i 10 10} 107 pe 103 
Gh ot || 24 | Beil 22. | oe , 11 6h | 64 | 6317 2 | 103 | Top | 10 | 109 | x1 
$ 24 23 23 24 22 8 6 st 63 |7 |7 8 top | 10g | 1oz | 11 | IT 
a | 22 | 22 | 24 | 22 | 3 4 PTE Ue ela lids @ | 1Oz | Top] Ir | ir | Ir 
i | 24 | 2t|2ti3 | 3 $POR A 7 Biciees 
2 22 | 23 | 3 3 a7 ir 6 77107 een ree ro (|) tr | a | Tt] eee 
He We2d 313. 1 3F 1 Sahl P77 Ue ee a] Pe pat) 2a te 
P1513 [3b at] 3h] t tz [7] al el el ob foe frp | eg ae 
$ol3, St | 36098 | Sie be TE ae eae a 
2 teaser lle Bll egal) pat Tl parla Pat || reat % Wigee 1 L 
ec SE oh EASE SE |e got SE EEE | loo Pal ast pasha eee 
8 34 | 32 33 34 34 8 72 73 72 8 2 2 2 
a 33 33 34 | 34 | 4 $178 | 78 SeaeSm as # | 11g | 113 | 12 12, nz 
z Be Sr Gael ||| 4 $ 73 | 8 8 8 e $f cry) 12 ae) || eee 
3 AN cAly eae ela | a Sil 8) i8y | Sass | ae 12) | 12) |Sr2) \yroes eee 
ecg | 4 4 43 43 3 8 |8 8 82 83 $ 12.,| 12) f2. leeeorleeeee 
a. Wied. 43 | 43 | 43 ¢ 8 8 8% 83 83 $ [12 [2 fee ferresferees 
3 aa 43 42 42 4a 8 a 83 83 83 85 8 TZ [ocscedeccec|eceee|es ces 
4 | 43 | 43 | 43 | 43 | 5 $ULSF | BEBE | Ba 1 '9 
a | 43/471 43)5 | 5 $y) 89) 89 188 9 9 
leds 4e Se al oe aS Rg a: hehe 
elas alleen ye SS s |8lo 9 |l9 19 
' ' 
Length- > 
For Cut Threads HY” instead of 9" Rods 
use §’, 3” and }” Rods 44” instead of {/’ Rods 
to C CtoC CtoC E'to.G 
re Egth Bowe TER hows ee Bean eo Beams. Beek Beams. ees 
eae OE oF 44 ‘ “ em i > ioe fd Ca ae A te 44a 
I-o 1-3 |2-4, 5, 6)2-9 |3-10, II |4-3 ]|5-I, 2, 3 5-6 7, 8, 9|7-0 8-3 
I-I, 2, 3)1-6 |2-7, 8, 9/3-0 |4-0 4-3 15-4, 5, 615-9 | 6-10, 11 |7-3 (8-1, 2, 3] 8-6 
1-4, 5, 61-9 2-10, 11]3-3 |4-1, 2, 3/4-6 |5-7, 8, 9/6-0 |7-0 7-2, |8-4, 5, 6| 8-9 
1-7, 8, 9/2-0 |3-0 3-3 | 4-4, 5, 6|4-9 | 5-10, 11 |6-3 | 7-1, 2, 3/76 |8-7, 8, 9] 9-0 
I-10, I1}2-3 3-1, 2, 3/3-6 |4-7, 8, 9|5-0 6-3. |7-4, 5, 6|7-9 | 8-10, 11 | 9-3 
2-0 2-3 |3-4, 5, 6|3-9 | 4-10, 11 |5-3 |6-1, 2, 3/6-6 |7-7, 8, 9\8-0 
2-1, 2, 3|2-6. |3-7, 8, 914-0 |5-0 5-3 |6-4, 5, 6|6-9 | 7-10, Ir /8-3 


TABLE 106. 
STRUCTURAL RIVETS. 
AMERICAN BRIDGE COMPANY STANDARD. 
WEIGHT IN POUNDS PER 100 Rivets witH Button Heaps. 


Diameter of Rivet, Inches. 


i 


78 
80 
82 
83 
85 
86 
88 


89 


lz ico Glen blr cleo HIKE Cole 


lz [co Galen bolt Colca IH 


gI 
93 
94 
96 
97 
99 


ola H/C cole Ro) Coles I Cole 
Golsx wlco Coley tle! coleo IK colbe 


N 


1 1 
8 8 
1 i 
4 4 
3 3 
8 8 
1 pu 
2 2 
5 5 
8 8 
3 3 
4 4 
Ke a 
8 8 


- 


Colez walO9 olor BARA Gold I ole 
Gola [co colon bolht colea RIM colhe 


Diameter of Rivets, Inches. 


Button Heads, 
t + t t t I 1t 


100 Heads as made on rivets, Pounds...| 2.4 5.0 | 9.7 | 16.0 | 24.0.| 35.0 | 49.0 | 78.0 
100 Heads as driven in work, Pounds...] 1.9 4.0 ap Ae Loney CYS. 27.00 37.50 Ines LeO) 
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TABLE 107. 
LENGTHS OF FIELD RIVETS AND BOLTs FOR BEAM FRAMING. 
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TABLE 108. 


STRUCTURAL RIVETS. 
AMERICAN BRIDGE COMPANY STANDARD. 
LENGTHS OF FIELD RIVETS FOR VARIOUS GRIPS. 
Dimensions in Inches. 
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TABLE 109. 
STANDARDS FOR RIVETS AND RIVETING. © 
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TABLE 110. 
STANDARDS FOR RIVETING. 


Distance ¢ 70 ¢ OF STAGGERED RWETS. 


VALUES OF X FOR VARYING VALUES OF A AND B. 


VALUES OF A 
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TABLE 111. 
STANDARDS FOR RIVETING. 


SPACING OF STAGGERED STAGGER OF KWETS REQUIRED 
FIVETS IN ANGLES To MAINTAIN NET SECTION 
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TABLE 112. 
STANDARDS FOR RIVETING. 


CLEARANCE FOR COVER PLATE RIVETING 
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TABLE 113. 
STANDARDS FOR RIVETING. 


STANDARD RIVET SPACING FoR CAULKING 
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TABLE 114 


SHEARING AND BEARING VALUE OF RIVETS 


Values above or to right of upper zigzag lines are greater than double shear. 
Values below or to left of lower zigzag lines are less than single shear. 
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Bearing Value for Different Thicknesses of Plate at 12 000 Lbs. Per Square Inch. 
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Bearing Value for Different Thicknesses of Plate at 24 000 Lbs. Per Square Inch 
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TABLE 115 
MULTIPLICATION TABLE FOR RIVET SPACING 


Pitch of Rivets in Inches 
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Pitch of Rivets in Inches 


TABLE 115.—Continued 


MULTIPLICATION TABLE FOR RIVET SPACING 
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TABLE 116. 


AREAS TO BE DEDUCTED FOR RiIvET HOLES, MAxIMum RIVETS, AND RIVET SPACING. 


AREAS IN SQUARE INCHES, TO BE DEDUCTED FROM RIVETED PLATES OR SHAPES TO OBTAIN NET AREAS. 


Thickness | - 
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Diameter of Hole in Inches (Diam. of Rivet + 3”). 


Inches. 


Te eal 
Jere 


I 
| 


Saecsients 


belo 
loo 


) 


|r Go} 
lor 


| 
2) 


a et 


Se ee 


oe 
16 
i 
5 
16 
1 
£ 
“5. 
16 
a 
8 

7 
16 
5 
2 
“9 


SS ee 
ent 
o| i) 


oem + 


in 


ee ee 
| 
o| 


1.33 
1.31 | 1.39 
1.38 | 1.46 
1.44 | 1.53 


1.03 |I. F 41 | 1.50 | 1.59 
1.07 |I. : : 1.56 | 1.66 
1.121. t a 5 1.63 | 1.73 
1.16|1. : .58 | 1.69 | 1.79 


1.20 |I. 3 F 1.75 | 1.86 
1.25 |I. : ; 3 1.81 | 1.93 
1.29 |I. : : : 1.88 | 1.99 
E2345. : 4 .82 | 1.94 | 2.06 
1.38 |I. t uy | 2.00 | 2.13 


Maximum RIVET IN LEG OF ANGLES OR FLANGE OF BEAMS AND CHANNELS. 
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Minimum Pitch. 


RIVET SPACING IN INCHES. 


Max. Pitch in Line of Stress. Min. Edge Dist 
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TABLE 117. 


OLp STANDARD CONNECTIONS FOR BEAMS AND CHANNELS. 
AMERICAN BRIDGE CoMPANY. 


Two ANGLE-CONNECTIONS ONE ANGLE CONNECTIONS 
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Weight 30 pounds . 
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Weights of connections include gross weights of angles and weights of 2 shop rivets 


235 


2 Angles 4x 4x 


Hex O-1Ly2" 


ZAngles 4x4xYex1'5Ve" 


; TABLE 118. 
‘NEw STANDARD CONNECTIONS FOR BEAMS AND CHANNELS. AMERICAN BripGE Company. 
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2Angles 64x36 % 0-5Y2 2Angles6’x 4x34 0-3" 
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LIMITING VALUES OF BEAM CONNECTIONS. 


Value of Web 
Connection. 


Values of Outstanding Legs of Connection Angles. 


Field Rivets. 


Field 


Bolts. 


Depth, 
Inches. 


Shop Rivets 

in Enclosed 
Bearing, 
Pounds. 


34”” Rivets or 

Turned Bolts, 

Single Shear, 
Pounds. 


Min. Allow- 
able Span in 


Feet, 
Uniform Load. 


84” Rough 
Bolts, Single 
Shear, Pounds. 


Min. Allow- 
able Span in 


Feet, 
Uniform Load. 


66,800 
67,500 
52,700 
40,200 
45,000 
41,400 
29,000 
36,900 
26,000 
23,600 
17,200 
27,900 
20,900 
26,100 
24,300 
18,900 
11,300 
10,400 

9,500 
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53,000 
53,000 
44,200 
35,300 
35,300 
35,300 
35300 
35,300 
26,500 
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17,700 
17,700 
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17,700 
17,700 
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8,800 
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23.1 
21.9 
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ALLOWABLE UNIT STRESS IN PouNDS PER SQUARE INCH. 


Rivets nosneet- veins crs ss OROD. 12,000 
Rivets and Turned Bolts . Field 10,000 
Rough Bolts...........Field 8,000 


Rivets—enclosed..........Shop 30,000 
Rivets—one side. ......... Shop 24,000 
Rivets and Turned Bolts .. .Field 20,000 
Rough Bolts........ 


Single 


Ghaar Bearing 


t= Web thickness, in bearing, to develop max. allowable reactions, when beams frame 
opposite. - 

Connections are figured for bearing and shear (no moment considered). 

The above values agree with tests made on beams under ordinary conditions of use. 

Where web is enclosed between connection angles (enclosed bearing), values are greater 
because of the increased efficiency due to friction and grip. 

Special connections shall be used when any of the limiting conditions given above are 
exceeded—such as end reaction from loaded beam being greater than value of connection; 


shorter span with beam fully loaded; or a less thickness of web when maximum allowable 
reactions are used. 
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TABLE 119. 


STANDARD BEVELED BEAM CONNECTIONS, 
AMERICAN BRIDGE COMPANY. 


BEVELED BEAM CONNECTIONS — RIVET SPACING & oa NCES 
3" or /ess-/ We ¢ Zor yee ae 2'or less, use Standard 
ue Bo: angles (bent)- 


= 2"to es , USE Special 


connection angles (bent): 


Omit cut P where 
923" nIl2; or less 
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TABLE 120. 


STANDARD Sway Rop AND LATERAL CONNECTIONS. 
AMERICAN BRIDGE COMPANY. 


SWAY ROD CONNEC TIONS - 


Race a é 26 


‘ “3 For upset rods & rods over iE “round use clevises- L. 
yi Specify hexagonal nuts on all sway rods: (32 > 
Bolts can have hexagons). or square heads or nuts: ee ee LP; 


“ ie Hole for rod paneled Je % larger than rod: ¥ 
round (not upset), Bolts 3 Z, og ee | 3 round: Rod / ‘round (not upset), Bolts 2 are Le £ round: 


“round (not upset), Bolts 2 z “OF 2'round- Rod [$'round (not upset), Bolts "round: 


A [8 [SieorAnge [6 [R| eee R 
x") | 12” \6"tol2"\ 6443, 63 long 3z'| 2” 
6'tol2"| 12” BASE "bh ong) 42 


I2" \6"tol2” ones <2, 5'long 52"| /Z 
BEVELED WASHERS, CAST /RON: 


6"tole"| 12" |6°%4"«2"5 Jong 3a" fz" 


a aebi eecety 


8 


Aloe Aloe [XV SIV 


ae 
For rods above /¢ diam: use clevis connections: 
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TABLE 121. 


STANDARD LATERAL CONNECTIONS FOR HIGHWAY BRIDGES. 
AMERICAN BRIDGE COMPANY. 


« 

eS SKEWBACK A’, Weight 68 Ibs- 

S se 
a Skewback A for rods up to If" round 
“In iu bu 
ASD) or lx square (i upsel Lo Iz round) ; 

S 1, 
ae Maes fi For upsets [x diam: or less, angle 
nn aR aay: 
8 Sak = == » 


of rod 1 may vary From 32 °(78 "in 12") 
elon eng ee 920 600 (127 ie 6 7g ) 
; Ss y For upsets greater than [gdiam- up 


Iu Plate & 
KS 


i eee tolg diam, angle of rod may Vary from 
ie, H \ * 4l3 “CE ‘in 12") to 60°(12"in 6"): 
Fe ae ee oS eet Standard slot 3S'x 6". 

C: L e us Radius = 3g" Bigot De PSI a 

SKEWBACK B, Weight 17 lbs+ 

é e 99 yh 

SS Skewback B for rods lg round 
a a or [x ‘Square (upset bo/Z “rounds 
= aa : /£ z ‘round (pset tol¥ round) or 
ae ae YP O73 ‘square ( (upset to 2 ‘round:) 
Nig Ay a For upsets Iz diam- or less 
x Voi2:2' 45 | ASa. 2/5: P 8 f. 
in on Ae aa 2 pe £2 Sen Sie S<. angle of rod may vary Cy 335 Ss 
Pe ee (6 G7?) to. 60 (127 seh 
x © / Yu yn es For upsets greater than Iz ep diam 

rie a t: oY ?. ew to 2‘diam-, angle oF rod may vay from 
ay} oo s LE + 383 G8" in 12") to 60(l2"in be). 

‘ EC OTT ES Da dine ee “Standard slot in beam 44 5 65 


6% 
SKEWBACK C; Weight 23 Ibs- 


Skewback ‘CPar rods Ig 3 "round or 
[e' square (upset to 2" round); 
CED lq ‘found (upset to 2 round) or 
PON 7h 5 ‘square (upset to Vibes “round) 
Angle of rod may vary Rom 
+ 403 “oz” iia 12") to 643 (20 $2) 
for all rods - 
Standard slot in beam 42°63" 
Where upset end of rod Is greater 
‘than 24 3 “dian, hole in washer will 
. be drilled Eo Fit upset- 
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TABLE 122. 


STANDARD LATERAL CONNECTIONS AND STUB Enps, 
AMERICAN BRIDGE COMPANY. 


UY PLATE A, Weight 3:9 Ibs- UPLATE B, Weight 8-6 lbs- 
For rods up to #2" square or Ig round (ipset tol 27 /'square or [ground (ypset to /$) 


HW. v7, i: u a 
Plate 5°x2"s I!" long: oe (" to /z square orl round (opset to2) 
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2 Hex-Nuts: % Tap- 2 Hex- Nuts: Tap- 2Hex-Nuts-g lap- ZHexNuts-g lp 


240 


TABLE 123. 


STANDARD LAG ScREWsS, Hook BoLts AND WASHERS. 
AEERICAN BRIDGE COMPANY. 


LAG SCREWS BEAM CLAMP 


Length # Cored Hole = 
fee Pg, [Length oF Lag las x 7——1<~a [Size Dimensions of Clamp eight 
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\\ 
Head's are the same as for square head bolts: 
Threaded portion is not tapered excest at paint 


~ 


# 
[g 
ig 


= 
IN 


th Jiling Hook Bolts give dimensions A, 
: SEL; all other dimensions are standard 
Used Dimensions of Washers Weight Unless otherwise speci sed, 5” will 


With EARARAPAPAES in Pounds be made 2". Hex- nuts Furnished 
a 


SX 
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‘TABLE 124. 


WEIGHTS OF WASHERS AND TRACK BOLTs. 


WEIGHTS oF LaG ScREws. 


Pounds per Hundred. (Kent's Pocket-book.) 


Length, Under Head, in Inches. 


DH ad 2 2t | 24 3 34 4 43 5 53 


6.88} 7.50) 8.25] 9.25] 9.62/10.82|11.50/13.31|14.82|16.50/17.37|18.82|.-_.|_____ f 
I1.75|12.62|12.88] 13.28] 16.62|18.18/18.88]19.50)/21.25|23.56|25.31|__ ee ae 
16.88/17.18|18.07|19.18|22.00|24.00|26.82|28.25|30.37|33-88|35.37|38.94|44.37 

34.07/35 .88/39.25|42.62]47.75|51.62/55.12 61.88 


68.75] 77.00| 90.00 
64.00]67.88)71.37/79.37|86.62 92-75|97-50 108.75 |124.75 


For American Bridge Company’s Standard Lag Screws see Table 123. 


Wrovucnut IRoN oR STEEL PLATE ROUND WASHERS. 


Thick- 
Num- | Diam.| Hole.| ness | Bolt. | Num- | Diam. 
berin B.W.G. ber in 

200 Lb. 200 Lb. 


No. 


= 
i=] 
= 
f=} 
a 
5B 
= 
5 
4 
B 


In. 


85200 
34800 
26200 
14400 

8400 


12 
10 


4600 
2600 
10 2200 
9 1600 
9 1200 
9 888 


0) ye |co 
le 
4 
let a2 
Wlcona|et 
(Co|-3 C0 olen} 
‘ol? 
we[cobola 


WOW 


WYN YD He 
ala 


| +) +I 
Blessing sootcstaloum 
WR |CO RO | ial 


wolf srcoeo 


I 
1 
u 


oles 


STANDARD Cast, O G WASHERS. 


Diam. Bottom Thick- ‘ Diam. Bottom Top 
of Bolt. Diam. i "| ness. etn of Bolt. | Diam. Diam. 


foal 
i=} 
onl 
mi 
ee 
oe 


In. In. 


lo 
loo 
a 


) 
Dal ae 


Ft Golaib|eo c0jenko| 
[SS Ly il ae] 
[2 BO) Col Oo|-ai Joo 
= 

(| c0]-2c0}a2ypleoc0ken 
owe 

bol bol | lcotopt 
ON AA 
Petey ener Noy 
PwWWWDH 
elmore 

lt Go [ma co/on 


Track Botts. 
With United States Standard Hexagon Nuts. 


200 Lb. 
200 Lb. 


No. in Keg, 
No. in Keg, 


Lb. 


45 to 85 20 to 30 


mh | z | Nuts. 
ceprcojroclarceh-2 | 5 | Nuts. 


Oe 


ahebel 


Kegs 
per Mile. 


irae te 


TABLE 125. 
WEIGHTS OF STEEL WiRrE NAILS AND SPIKES. 
AMERICAN STEEL AND WIRE Co. 


STANDARD STEEL WIRE NAILS AND SPIKES. 
Sizes, Lengths and Approximate Number per Pound. 


Flooring Brads. 
Finishing. 
Casing and 
Smooth or 
Barbed Box. 
ed Roof- 
ing. 
Wire Spikes. 


| Barb’ 


{| |‘Common Nails 
and Brads. 


X. 
ad 

3d Ex. Fine 
d 


fit canteens | | Length. 


Bet nap Nae 


ROO MNAMNNUBRRWWWDH LD 


HH 


MISCELLANEOUS STEEL WIRE NAILs. 
Approximate Number per Pound. 


Length in Inches. 


Diameter 
in Inches. 
a} 


Coan OMh ph 
ros 


These approximate numbers are an average only, and the figures given may be varied either way, by changes 
in the dimensions of heads or points. Brads and no-head nails will have more to the pound than table shows, 


and large or thick-headed nails will have less. 
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TABLE 126. 
WEIGHTS oF NAILS AND SPIKES. 
FRoM CAMBRIA STEEL. 


Cut STEEL NAILS AND SPIKEs. 


Sizes, Lengths and Approximate Number per Pound. 


and Box. 


Slating. 


SQUARE BoaT SPIKES. 
Approximate Number in a Keg of 200 Pounds. 
Length of Spike—Inches. 


3 4 


1825 


II75 | 990 
800 | 650 


3000 | 2375 | 2050 
1660 | 1360 | 1230 


1320 | 1140} 940 600 


510 |400 360 
335 |300 (275 
260 |240 ee 


Flat Grip. 
Fine. 


| Edge Grip. 


190 |175 | 160 


RAILROAD SPIKES. 


Spikes per Mile of 


Size Under 
Head. 


Inches. 


Average 

Number 

per Keg 
of 200 Lb. 


Single Track. 
Ties 2 Ft.c. toc., 
4 Spikes per Tie. 


Rail Used. 
Weight 
per Yard. 


Size Under 
Head. 


Pounds. Kegs. 


Inches. 


Average 
Number 
per Keg 


of 200 Lb. 


Spikes per Mile of 
Single Track. 
Ties 2 Ft..c, to c., 
4 Spikes per Tie. 


Pounds. Kegs. 


Rail Used. 
Weight 
per Yard. 


Pounds. 


54 Xt 
54 X ve 
5 Xie 
5 Xt 
43 Xt 
4 X} 


35% 
204 
20 
233 
20 
174 


7040 
5870 
5170 
4660 
3060 
3520 


4aXte 
4 Xie 
33 Xie 
4 Xt 
34 X% 
3 xX? 


154 
14} 
ie 

ro} 


3110 
2910 
2350 
2000 
1780 
1710 


“ 
8} 


20 to 30 
go: * 39: 
16 “figs 
16. “25 
16), 25 
16 ‘* 20 


TABLE 127. 
PirpE—BLACK AND GALVANIZED. 
NATIONAL TUBE COMPANY STANDARD. 
STANDARD PIPE. 


Weight per Foot, 

, Pounds. 

Thick- Threads 
wesee per Inch. 


Heres i Tbrends Diameter, Length Weight 
External. | Internal. and . , gth, eight, 
Couplings. Inches. Inches. Pounds. 


Diameters, Inches. Couplings. 


405 269 | .068 ‘ 245 562 

540 364 | .088 5 425 685 
675 493 .O91 567 568 848 
840 622 -| .109 .850 852 1.024 


.029 
+043 
.070 
116 


ols 


Se) ad 


ines! 
Colo2 Cole 


lo 


1.050 824 113 1.130 1.134 1.281 
1.315 1.049 133 1.678 1.684 1.576 
1.660 1.380 .140 2272 2.281 33 1.950 
1.900 1.610 | .145 2.717 2.731 2.218 


.209 
343 
535 
743 


Lal Lal Lal 
Bole ele 
b 


iS) Cen! 
G0]62 Colt Col~y color 


1.208 
1.720 
2.498 
4.241 
4-741 
5.241 
8.091 
9-554 


a 
bole 


2.760 
3.276 
3-948 
4.591 


bo 


2.375 2.067 | .154 3.652 3.678 
2.875 2.469 203 5.793 5.819 
3.500 3.068 216 7.575 7.616 
4.000 3.548 | .226 g.109 9.202 


is) 


colon Gol olay colen 


ww 


4.500 4.026 237 10.790 10.889 
5.000 4.506 247 12.538 12.642 
5-563 5.047 |..258 14.617 14.810 
6.625 6.065 .280 18.974 19.185 


5.091 
5-591 
6.296 
7-358 
8.358 
9.358 
9.358 

10.358 


ww 


lt CoH colon cojen 


7.625 7.023 -301 23.544 23.769 
8.625 8.071 277 24.696 25.000 
8.625 7.981 322 28.554 28.809 
9.625 8.941 342 33-907 34.188 


10.932 
13.905 
13.905 
17.236 


Bl color cosy Go|Ht 


fon) 


10.750 TOmo2 e279" || 35.208 32.000 
10.750 10.136 | .307 34.240 35.000 
10.750 10.020 | .365 | 40.483 41.132 
11.750 11.000 | .375 45.557 46.247 


11.721 
1721 
11.721 
12.721 


29.877 
29.877 
29.877 
32.550 


woewoa o woo a o nnn @ ow a 
ON 


a 
Blo Cot Colt colt 


loa) 


13.958 43.098 
13.958 43.098 
15.208 47-152 
16.446 59-493 


12.750 $2090) || .330 | 43.773 45.000 
12.750 12.000 aris 49.562 50.706 
14.000 T3.2508 1) 0-375 54.568 55.824 
15.000 14.250 375 58.573 60.375 


ownwma ~o 


16.000 TS.250) I) 2375; 62.579 64.500 17.446 63.294 


The permissible variation in weight is 5 per cent above and 5 per cent below. 

Furnished with threads and couplings and in random lengths unless otherwise ordered. 

Taper of threads is $’’ diameter per foot length for all sizes. 

The weight per foot of pipe with threads and couplings is based on a length of 20 feet including 
the coupling, but shipping lengths of small sizes will usually average less than 20 feet. 

All weights and dimensions are nominal. On sizes made in more than one weight, weight 
desired must be specified. 
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TABLE 127.—Continued. 
PrrpE—BLACK AND GALVANIZED—Concluded. 
NATIONAL TUBE COMPANY STANDARD. 
DovusLE Extra STRONG PIPE. 


Extra STRONG PIPE. 


Diameters, nesters Diameters, hl 
Size, eee Thick- | "Bounds. Size, ieee Thick- Piiedae 
In. ness, In. ness, \ eee 
Eisai heb Betemattlfesenssie V4 see Plain 
. ntermal. nas ermal, nternal, Padas 
4 405 215 095 314 3 -840 252 294 1.714 
z 540 302 119 -535 a 1.050 434 -308 2.440 
3 675 423 126 -738 I 1.315 -599 358 3.659 
23 840 546 | .147 1.087 ti 1.660 .896 382 5.214 
= 1.050 S742. lt LSA 1.473 1% 1.900 1.100 -400 6.408 
I 1.315 2957 || .179 2.171 2 2675 1.503 436 9.029 
1} 1.660 1.278 | .191 2.996 25 2.875 1.771 552 13.695 
is 1.900 1.500 | .200 3.631 3 3-500 2.300 .600 18.583 
2 2.375 1.939 218 5.022 35 4.000 2.728 636 22.850 
25 2.875 2.323 276 7.661 4 4.500 3.152 “674 27.541 
a. 3.500 2.900 | .300 | 10.252 43 5.000 3.580 -710 32.530 
35 4.000 3.364 | .318 12.505 5 5-563 4.063 750 38.552 
4 4.500 3.826 337 14.983 6 6.625 4.897 864. 53.160 
43 5.000 4.290 | .355 | 17.611 7 7-625 5.875 875 63.079 
is 5.563 4.813 23175 20.778 8 8.625 6.875 875 72.424 
6 6.625 5.761 432 28.573 . 2 é 5 
Furnished with plain ends and in random lengths 
7 7-625 6.625 +500 | 38.048 | unless otherwise ordered. 
8 8.625 7-625 500 | 43.38 Permissible variation in weight, for éxtra strong 
9 9.625 8.625 +500 | 48.728 | pipe, 5 per cent above and 5 per cent below. 
10 10.750 9-759 +500 54-735 For double extra strong pipe, 10 per cent above 
It 11.750 | 10.750 | .s00 | 60.075 | and 10 percent below. | ; 
12 12.750 | 11.750 | .soo | 65.415 All weights and dimensions are nominal. 
13 14.000 13.000 | .500 | 72.091 
14 15.000 14.000 | .500 | 77.431 
15 16.000 15.000 | .500 ! 82.771 
Larce O. D. Pipe. 
3 Weight per Foot, Pounds. 
e Thickness, Inches. 
7) 
t ts t ve 3 te § a PF I 
14 | 36.713 | 45.682 | 54.568 | 63.371 | 72.091 | 80.726] 89.279 106.134 | 122.654 | 138.842 
15 | 39-383 | 49.020 | 58.573 | 68.044 | 77-431 | 86.734 | 95-954 | 114.144 | 132.000 | 149.522 
16 | 42.053 | 52.357 | 62.579] 72.716] 82.771 | 92.742 | 102.629 | 122.154 | 141.345 | 160.202 
17 | 44.723 | 55.695 | 66.584 77.389] 88.111 | 98.749 | 109.304 | 130.164 | 150.690 | 170.882 
18 | 47.393 | 59.032 | 70.589 | 82.061 | 93.451 | 104.757 | 115.979 | 138.174 | 160.035 | 181.562 
Plo} ||Gaininniass 65.708 | 78.599] 91.407 | 104.131 | 116.772 | 129.330 | 154.194 | 178.725 | 202.923 
24) tl Gee OR it 69.045 | 82.604 | 96.079 | 109.471 | 122.780 | 136.005 | 162.204 |........|..---+-» 
Delo |e ocean ng 72.383 |- 86.609 | 100.752 | 114.811 | 128.787 | 142.680 | 170.215 |........|..--.--- 
BAM | scerotetelele el ete) eink aete 94.619 | 110.097 | 125.491 | 140.802 | 156.030 | 186.235 |........ | wee ee 
Poa ees nie] eer ee 102.629 | 119.442 | 136.172 | 152.818 | 169.380 | 202.255 |........|.....-.- 
Bis caususvese te eevee sadam ter 128.787 | 146.852 ||| 164.833) | 182:790)| 218.275 |). << )se« alee eee 
ROMS. ydieed Mates eal ered eae £1138.132) || U87.532:)| T7848 IOGORT 0! 23.4296) | .n) eu mea ne 


Furnished with plain ends and in random lengths, unless otherwise ordered. 
All weights and dimensions are nominal. 
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TABLE 128. 
STANDARD GAGES. COMPARATIVE TABLE. 
CARNEGIE STEEL Co. 


Thickness in Decimals of an Inch. 


p 


Birmingham Wire 
(B. W. G.) 
also known as 
Stubs Iron Wire. 
United States Standard 
for 
Sheet and Plate 
Iron and Steel. 
American Wire 
or 
Browne & Sharpe. 
American ae & Wire 
O. 
formerly 
Washburn & Moen. 
Trenton Iron 
British Imperial 
Standard Wire 
Standard Birmingham 
Sheet and Hoo 


-4900 
4615 
+4305 
+3938 
3625 
+3310 
+3065 
2830 
-2625 
+2437 
2253 
-2070 
1920 
1770 
-1620 
1483 
.1350 
1205 
1055 
0915 
.0800 
.0720 
050821 0625 
045257 0540 
04.0303 0475 
-035890 0410 
.03 1961 0348 
028462 03175 
025346 .0286 
.022572 0258 
.O20101 .0230 
017900 0204. 
O15941 .Or8t 
O14195 0173 
012641 0162 
-O11257 0150 
010025 0140 
008928 .0132 
-O1015625 .007950 .0128 
009375 .007080 -O118 
00859375 006305 -O104 
.0078125 005615 0095 
00703125 .005000 0090 
006640625 004453 0085 
003965 .0080 
003531 0075 
003 144 .0070 


Unless otherwise specified, all orders in gages will be executed to Birmingham Wire Gage. 
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TABLE 129. 
STANDARD GAGES AND WEIGHTS OF SHEET STEEL. 
CARNEGIE STEEL Co. 


UNITED STATES STANDARD GAGE 
For 
SHEET AND PLATE STEEL. 


Thickness Thickness |Weight per Thickness Thickness 
in in Square Gage in in 
Fractions Decimals Foot, in Number. Fractions Decimals 


of anInch.| of an Inch. lt of an Inch. 


0000000 
000000 


aa 20.4 
-46875 19.125 
4375 17.85 


40625 16.575 
+375 15.3 
+34375 14.025 
«3125 12.75 


Sep 


Py auch 


-034375 
03125 
.028125 
025 


ot, 
TS 


Se 


.28125 II.475 
+265625 10.8375 
25 10.2 
-234375 9.5625 


.021875 
.01875 
.O171875 
.015625 


sieht oh 


-21875 8.025 
+203125 8.2875 
.1875 7.05 
-171875 7.0125 


.0140625 
.0125 

,0109375 : 
-OL0I5625 -414375 


Sie 


aha 
E) 


.15625 6.375 
140625 5-7375 
125 Sor 

109375 4.4625 


fem 
a 


-009375 +3825 
00859375 +350625 
.0078125 31875 
.00703125 .286875 


a 
xc 


4 
gee 


-09375 3.825 

.078125 3.1875 

.0703125 2.80875 38 
.0625 2.55 


fete gested Ehebeods Baereotle ShSteese choke 


CT 
oe 
a 


-006640625 +2709375 
.00625 +255 


4 
13) 
c) 
By 
q 


oh 


BIRMINGHAM WIRE GAGE. 
EQUIVALENTS IN INCHES. 
CORRESPONDING WEIGHTS OF FLAT ROLLED STEEL. 


Thickness, Pounds Gage Thickness, Pounds 


Inches. per : per 
nches Srusreneok: Number. Inches Squsrerneote 


r7 .058 2.3664 
18 .049 1.99902 
19 .042 1.7136 
20 .035 1.428 


2I .032 1.3056 
22 .028 1.1424 
23 025 1.02 

24 .022 0.8076 


25 .020 0.816 

26 .018 0.7344 
27 .016 0.6528 
28 014 0.5712 


29 .013 0.5304 
.O12 0.4806 
.010 0.408 
.009 0.3672 


.008 0.3264 
.007 0.2856 
005 0.2040 
.004 0.1632 
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TABLE 130. 


CLEARANCE DIMENSIONS AND WHEEL Loaps, ELECTRIC CRANES. 
McC uintic-MARSHALL CONSTRUCTION Co. 


al 


Ji 
Peecerene te 


Lae ; pee PO 


[Sia sie pe eal 


This table is for hoist of about 32 ft. q a lo leo. wo 
Q Higher hoist may increase wheel base. , we ge | Isa fae 
Fs Dimensions “‘R” and “J” can be reduced if necessary. 85 VAS) Eg cc Cog > 
‘ ‘S e Re BS 
a a ae Ao | 38 laelen eine 
ra Dimensions in Feet and Inches. cael See iets P= a 
sa] 3 [8 |ed 
A R J K ie, M N fo) P 5 E|G 
Tons.| Ft. In. | Ft.-In. | Ft.-In. | Ft.-In. | Ft.-In. | Ft.-In. | Ft.-In. | Ft.-In.} Lb. Lb. | In.| Lb.| In. | In. 
af to 30 OF 4-10 3-11 I-9 I-6 5-2 5-9 6- 9 9600 | 16700 | 15 | 35 | 9 | II 
3 40 of 4-11 3-IL I-9 I- 6 5-2 5-9 6-II | 10400 | 19200 | 15 | 35 | 9 | IL 
33 50 | 10 5- 2 Sarr 1-8 I- 5 5-2 5-9 8— 4 | 11300 | 23300 | 18 | 35 | 9 | I1 
3% 60 | ro 5-3 3-I1 1-8 I- 5 ) 5-9 10- 0 | 12600 | 27700 | 18 | 40 | 9 | Ir 
5 to 30 9} 5-4 4- 6 2-0 2-0 5-2 5-9 8- 0 | 11600 | 19500 | 15 | 40! 5 8 
5 40 | 10 s-7 4- 6 2-0 I-II 5=2 5-9 8- 6 | 12800 | 22400 | 18 | 40] 5 7 
5 50 | Io 5- 8 4-6 2-0 I-II 5-2 5-9 8— 8 | 14100 | 26200 | 18 | 40] 5 7 
5 60 | ro} 5-I1 4-6 2-0 I-III 5-2 5-6 I0= 0 | 15500 | 31300 | 21 | 40] 5 8 
5 70 | 10% | 6-0 4-6 2-0 I-II 5-2 5-6 II— 8 | 17100 | 37300 | 21 | 40] 5 8 
5 80 | 10} | 6-2 4-6 2-0 I-It 5-2 5-6 I3- 4 | 18900 | 43400 | 21 | 45] 5 8 
74 | to 30 | rot S-II 5- 3 2-4 2—- 4 5-2 5-6 8— 6 | I4900 | 22300 | 21 | 40 | 7 
74 40 | 10} 6-0 5-3 2-4 2-4 5-2 5-6 8- 8 | 16200 | 24900 | 21 | 45 | 7 
74 50 | rok} | 6-1 5- 3 2-4 2-4 5-2 5-6 8-10 | 17600 | 28800 | 24 | 45] 7 
7h 60 | rot 6-2 5- 3 2-4 2-4 5-2 5-6 I0— 0 | I9I00 | 34100 | 21 | 45 | 7 
7% 70}| t12 | 6-6 5-3 2-3 2-2 5-2 5-3 II— 8 | 20800 | 40700 | 24] 50| 7 
74 80'; 114 | 6- 8 5-3 2-3 2-2 5-2 RK} I3- 4 | 22700 | 47000 | 24 | 50] 7 
10 to 30 | ro} | 6-2 f= 7 27 2-5 6-2 5-9 8-— 18500 | 23500 | 21 |]'45]| 6 
10 40 | 114 | 6-6 i lye 2-6 2—= 4 6-2 5-6 8- 19800 | 28400 | 24 | 50 | 6 
ba0) 50 | 11} 6-7 5a 2-6 2-4 6-2 5-6 8-— 21200 | 32400 | 24! 50| 6 
10 60 | r1¢ | 6-8 5-7 2-6 2-4 6-2 5-6 10- 22700 | 37800 | 24 | 50] 6 
10 70 | 11% | 6-9 5-7 2-6 2-4 6-2 5-6 II- 24500 | 43100 | 24 | 50] 6 
Bi) 80 | 11} 6-11 5-7 2-6 2-4 6-2 5-6 I3- 26800 | 52100 | 24 | 55 | 6 
7 4 
"i 4 
7 4 
7 4 
8 4 
8 4 
5 ie 
5 7 
5 7 
5 7 
5 Zi 
5 7 
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Capacity. 


TABLE 131. 


CLEARANCE DIMENSIONS AND WHEEL LOADS, ELECTRIC CRANES * 
McCurntic-MARSHALL CONSTRUCTION Co. 


———- 


| 2B 4 
AAT ae 
This table is for hoist of about 32 ft. 


Higher hoist may increase wheel base. 
Dimensions “‘R” and “J’’ can be reduced if necessary. 


Dimensions in Feet and Inches. 


K 


L 
Ft.- 
In. 


HHH HH OOO MDaONDmMnm 


ANAAnn Ann annan 
Bal. dita sl el steele 44 
NUIAUMUAMN HHN OCOC000 


wn 
1 

I 

H 


O00 HHH ADACOSO HHH 


eceoo0o000 COO +H 


e000 000 5900 AANA 


Max. Load Each 
Wheel. 


Lb. 


40200 


42700 
45300 
47900 
50800 


46200 
52200 
58800 


61000 
64800 
68600 
70500 
71000 
756000 


74000 
77600 
43000 
44000 
45000 
47000 


88000 


94000 
103000 


44000 
47000 
51500 
55000 
60000 
64000 
83000 
86000 
80000 
130000 
134000 
139000 


Wheel. 


without Lim- 
iting Trolley 


of Crane. 
Diam. Bridge 


Total Net Weight 


ls 
oe 


44500 
50700 
59500 
69100 
79900 
51100 
68000 
90700 
69300 
77400 
87000 
92200 
96800 
I12900 
77100 
86500 
98500 
103400 
112700 
131700 
IT 10000 
127000 
158000 
I10000 
127000 
158000 


I41000 
160000 
184000 
190000 
217000 
243000 
310000 


333000 
364000 


TABLE 132. 
(CRANE GIRDER SPECIFICATIONS. 
McCuirntic-MArsHALL Construction Co. 


L 20" (8 for lo*o I5 "oil 
Sham tues fe os 
Hook Polts 13°" 60° -100 


v7 


CLOips CE AM i 


4 ight é é Gi F i 

Weight of | gust Guiices| Weight of | Weight of |_ Crane Stop. _ Be ee te, opt wide 

Rail per per Pair Rail Hook Cast il. of Base Rail. d 
Yard. | with Bolts. Clamp. Bolts. Plates.| fron. of Rail. 


e 
low! 
i=] 


be 


16 


dod 
Ha[co bo 


json} 
[ae | 


J+} 
nec | 


Annan 
v 


ierersiey 
or 
re 

(Go| 3H |69 Go| bo] m+ Go|co [lt 


AnAbRoOHSHDOOOH 


Cw COW oOROROROROE 
SYD DY 4 ee ee Oe 


of 
Pisolelselsets 
+20 | 2 Ht Ca 


c) 
C) 
| 

is} 
asl 


na] 


PPR AWOWWWE 
eres 


[pnt 20] ba 
eo 
yb 
Os 


HI 
ci) 
69] 
ie) 


ltl 


t) 


[iain tin in | 
r) 


leo 


79.2 
86. 


92.4 


Crane Rails: Crane Rails are attached to the girder by means of clips or hook bolts, the latter being used 
chiefly for I-Beams, the flange being too narrow for a clip, and has the advantage of saving punching in the top 
flange. Clips and hook bolts provide for adjusting slight inaccuracies in the alignment of the rails. Rail Splices 
should consist of a flat bar fish plate or a rolled fish plate as angle splices are apt to interfere with the flange of 
the crane wheels. Provide our standard crane stop at the end of the rail. 

Dimensions: In preparing design indicate clearly distances A, R, J, E, G and distances of floor line to top 
of rail. These dimensions should be submitted to owners with design, but before ordering or manufacturing 
any material for the work the owner’s approval should be obtained for same. 
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TABLE 133. 


TypicaAL HAND CRANES. 
McCuintic-MarsHALL CONSTRUCTION Co. 


3 3 ‘ _ | Wt. of Rails. 3 Zz F _ | Wt. of Rails. 
3 NS . ib a'S ly Sal aeea mamas lia 7a eee gs el betes raion ier se 
e[ 4) 8| 83 /fel28| 2 |ee| 2] 2) 2] ee | Sel se] 2 | eg 
Ela@| 3) es | 88|48]} sg |as| & | a) € | gs | 88 | 2a) gs | Be 
s) s | PO | OG a Bear To e | 5 oO} GO] wm | be 
lal -_ 

Tons. | Ft. Ft Lb. Ft In Lb. per Yd. | Tons.| Ft. Ft Lb Ft. In. | Lb. per Yd 
ye NN eefoy | 3100| 4 7 ZO ese, .| TOM) 30 7 |13000] 5 1o | 40 | 40 
oS AI yor 30 5 4000] 4 7 || BOulmao! | LO) 650 8 | 14400] 5 Io | 40 | 40 
4 | 30] 4 | 5400] 42 | 8 | 30 | 30 | 12 | 30 | 7 | 20700] 53 | 10 | 45 | 45 
4 | 50 | 5 | 6500] 4% | 8 | 30 | go") 12 | 50 | 8" | 22300) 52, | 10) 455\e4s 
6 30 6 8000} 5 GN BO. 835 14 | 30 7 36000) 5S 1 TON || SO ui nbO 
G |) Berl ys 9200] 5 On| Zou esbell T4ea CO 8 |28000] 53 | 10 | 50 | 50 
8 30 6 | 10500] 5 Co HES | LO eae so 7 |32300| 6 T2) SOs ess 
8 50 7 |11800| 5 10 35 40 16 50 8 |35000| 6 12 50 55 
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TABLE 134. 
DIAGRAM FOR STRESS IN EYE-BARS DUE TO WEIGHT. 


20 


x FORMULA 
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Nay Bears 
Ia II.Depth of Bar in Inches 
Ill. ¥+Y2 in Tens of Thousandths 


Problem.—Required stress due to weight of a 4 in. x 1 in. eye-bar, 20 ft. long, which has a 
direct tension of 56,000 Ib. 

Then, h = 4 in.; L = 20 ft., and fe = 14,000 lb. per sq. in. The stress due to weight, fi, 
is found from the diagram as follows: On the bottom of the diagram, find h = 4 in.; follow up the 
vertical line to its intersection with inclined line marked, L = 20 ft., then follow the horizontal 
line passing through the point of intersection out to the left margin and find, y2 = 3-3 tens of 
thousandths; then follow vertical line, h = 4 in., up tovits intersection with inclined line marked, 
fa = 14,000, and then follow the horizontal line passing through the point of intersection to left 
margin and find, y, = 7.2 tens of thousandths. Now yi +32 = 7.2 + 3-3 = 10.5. Find 94 
++ ye = 10.5 on lower edge of diagram, follow vertical line to its intersection with line marked 
“Line of Reciprocals” and find on right margin, fi = 950 Ib. sq. in. 

For a bar inclined at an angle @ with a vertical line multiply the fiber stress calculated for a 
horizontal bar as above, of the same length, and multiply the fiber stress thus obtained by sin @. 
For example if the bar above is inclined at an angle of 45 degrees with the vertical; the fiber stress 
due to weight is, f, = 950 xsin @ = 950x0.707 = 672 lb. : ; E 

Every intersection of the inclined f. and L lines has for its abscissa a value of h, which will 
have a maximum fiber stress, fi, for the given values of fo and L. For example for L = 30 1,3 
fe, = 12,000 lb., we find h = 8.3 in.,andf, = 1,700 lb. A deeper or shallower bar will give a smaller 
value of fi. 
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TABLE 135. 
DIAGRAM FOR STRESSES IN SQUARE PLATES. 
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Uniform Safe Load in lbs.per sq.ft. for a Fibre Stress of i0000 Ibs.per sq. in. 
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Safe Loads on Square Plates.—The safe loads on square plates for a fiber stress of 10,000 
pounds per square inch may be obtained from the diagram. As an example, required the safe load 
for a j-in. plate 3 feet square. Begin at 3 on the bottom of the diagram, follow upward to the 
line marked 4-in. plate, from the intersection follow to the left edge and find 280 lb. per sq. ft. 
For any other fiber stress multiply the safe load found from the diagram by the ratio of the fiber 
stresses. To use the diagram for a rectangular plate take a square plate having the same area. 

For formulas for strength of plates, see page 313, Chapter VIII. 
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TABLE 136. 
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TABLE 137. 
DETAILS OF A STEEL STAIR. 
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TABLE 151 
PROPERTIES OF BETHLEHEM I BEAMS 


g Moment 


Section Modulus 
16,000 Lbs. per Sq. In. 


Moment of Inertia | Radius of Gy- 
ration 


crease in Weight 


Depth of Beam 


Weight per Foot 
Thickness of Web 

Width of Flange 
Add for Each Pound In- 
Spacing Center to Center 
to Produce Equal Radii of 
Gyration About Each Axis 


Axis Axis Axis Axis 
I-I 2-2 I-I 2-2 


Maximum Bendin: 


@ 


I 


Maximum Safe Shear on Web 


Increase of Web and Flange for 
Each Pound Increase in Weight 


5S 
_ 
| 


T1 T2 


In, i Lb. Ft.-Lb. 


et 
B 


In. 


10.500 |.010 103 800/465 740 


10.000 |.O1I . 89 000/382 300 


9.500 |.O11 305 350 


9.250 |.012 264 660 
9-130 |.012 248 980 
9.000 |.012 F 232 340 


8.890 |.015 207 980 
8.750 |.015 5 5 1195 540 
8.145 |.015 . 169 Igo 
8.075 |.015 i j 162 950 
8.000 |.015 : 156 290 


7.675 ee : 130 860 
7.590 |.O1 é : 124 740 
7.555 |.016 A : 122 220 
7.500 |.016 , 118 260 


7.500 c 5 I4I 540 
7.195 é ; 118 200 
7.000 : 4 108 450 
6.810 : : . 86 180 
6.710 ; ; 81 180 
6.660 ‘ 78 680 


6.300 59 830 
6.205 : : . 5° 770 
6.120 : 48 050 


5.990 35 880 
5.850]. . 32 770 


5-555 : : : 27 290 
5-440 : : : 25 220 


5.325 : : : 20 200 
5-250 . 19 130 


257 


TABLE 152 
PROPERTIES OF BETHLEHEM GIRDER BEAMS 


Section Modulus 
Sq In, 


Moment of Inertia | Radius of Gy- 
ration 


Increase in Weight 
Spacing Center to Cen- 
. ter to Produce Equal 
. Radii of Gyration 
About Each Axis 


Maximum Bending 
Moment @ 16,000 Lbs. per 
Add for Each Pound 


Depth of Beam 
Weight per Foot 


Thickness of Web 
Width of Flange 


Axis 1-1 | Axis 2-2 | Axis 1-1 age 


Each Pound Increase in Weight 
Maximum Safe Shear on Web 


Increase of Web and Flange for 


Ih 


In4 


24.09 
24.20 


22.57 
22.60 


21.03 
20.99 


19.35 
‘19.48 


15.85 
16.01 
14.41 


*11.06 


11.49 
g80} 11.89 


119 730| 785|* 9.08 
96 000] 785)/* 9.31 


65 130] 654|* 7.60 
38.0] 26 700] 50 630] 5g0;* 672 


28.6) 23 600} 38 140] 522)* 5.85 


* Denotes that the distance given is less than the distance center to center of beams placed 
close together with flanges in contact. 
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15 |162.0] 195 |14.31| .82 |1.245 
15% |170.5| 12 |14.35| .86|1.308 
154 178-5 lis 14.39} .90|1.370 
15} {195.9 ops [raca7| ‘98 |ra9s 
158 203.5 1b 14.51 1.02 1.558 
154 211.0 116 14.54] 1.05 |1.620 
15% |219.5| 12 |14.58| 1.09 |1.683 
16 |227.5| 142 |14.62| 1.13 |1.745 
16h 236.0 IR 14.66] 1.17 |1.808 
164 244.5) 116 |14.70| 1.21 |1.870 
165 253.0, 2 |14.74) 1.25 |1.933 
165 261.5 276 14.78] 1.29 |1.995 
165 270.0) 2% 14.82] 1.33 |2.058 
16% |278.5| 2335 |14.86| 1.37 |2.120 
16% |287.5| 2% |14.90| 1.41 |2.183 
IT |) 64.5) § |11.92| 39] .567 
IIg | 71.5] te |11-96| .43| .630 
12. | 78.0] $= |12.00] .47]| .692 
125 84.5) Te ae aie a 
ze O15 #_ |2.08) 55 | -817 

= | 98.5). te |12.12] .59]| .880 
12} |105.0] r |12.16) .63| .942 
12% |112.0| 17s |12.20] .67 |1.005 
12} |118.5| 1% |12.23] .70|1.067 
12% (125.5 Iis 12.27| .74 |1.130 
13 |132.5] If |12.31} .78 |1.192 


TABLE 153 
PROPERTIES OF BETHLEHEM H CoLumNns 


1-----|} -----1 
E 
@ 2 
a} ; 
g Moment of Radius of Section 
4 Iwertia Gyration Modulus 
Axis Axis Axis | Axis | Axis | Axis 
ing 2-2 its 2-2 55 2-2 
G L ih Ie M1 r2 Si S2 
In. In. In? In.4 - {a4 In. In. In® | Int 
14” H CoLumNs 
193 24.46| 884.9| 294.5| 6.01 | 3.47 |128.7| 42.3 
19 26.76] 976.8] 325.4] 6.04 | 3.49 |140.8| 46.6 
1933 29.06 |I 070.6] 356.9] 6.07 | 3.50 |153.0| 51.0 
19i¢ 31.38 |r 166.6] 387.8] 6.10 | 3.52 |165.2] 55.2 
2075 33-70|1 264.5] 420.3] 6.13 | 3.53 |177-5| 59.7 
20755 36.041 364.6] 453.4] 6.16 | 3.55 |189.9| 64.2 
20 38.38 |1 466.7| 486.9] 6.18 | 3.56 |202.3 | 68.8 
20% 40.59|i 568.4) 519.7] 6.21 | 3.58 |214.5| 73.3 
203 | _ |42.95|1 674.7] 554.4 | 6.24 | 3.59 |227.1| 77-9 
203 % 45.33 | 783-3] 589.5 | 6.27 | 3.61 |239.8] 82.6 
20% 4 |47-71|1 894.0 626.1 | 6.30 | 3.62 |252.5 | 87.5 
20% IW |50.11]2 007.0] 662.3 | 6.33 | 3.64 |265.4] 92.3 
21 8 «(|§2.51|2 122.3] 699.0} 6.36 | 3.65 |278.3| 97.2 
215 $ |54.92|2 239.8| 736.3] 6.39 | 3.66 |291.4 |102.1 
21g | § |57-35|2 359:7| 774.2| 6.41 | 3.67 |304.5 |107.0 
21% | om |59-78|2 481.9| 812 6| 6.44 | 3.69 [317.7 |112.0 
215 43 [62.07 |2 603.3] 849.8) 6.48 | 3.70 |330.6|116.9 
21¢5| _ [64.5212 730.2] 889.3] 6.51 | 3.71 |344.0|122.0 
21 66.98 |2 859.6| 929.4] 6.53 | 3-73 1357-5 |127.1 
2176 69.45 |2 991.5] 970.0] 6.56 | 3 74 |371.0|132.3 
2146 71.943 125.8|1 O11.3| 6.59 | 3.75 |384.7 |137.6 
229% 74.43 |3 262.7|1 053.2 | 6.62 | 3.76 1398.5 |142.9 
2295 76.93 |3 402.1 |1 095.6] 6.65 | 3.77 |412.4 |148.3 
2235 79.443 544.1 |1 138.7] 6.68 | 3.79 |426.4 |153.7 
225 81.97 |3 688.8 |r 182.4] 6.71 | 3.80 |440.5 |159.1 
2235 84.50|3 836.1 |1 226.7] 6.74 | 3.81 1454.7 |164.7 
12’ H CoLuMNs 
163 19.00] 499.0] 168.6] 5.13 | 2.98 | 84.9| 28.3 
16g | . |20.96} 556.6) 188.2] 5.15 | 3.00] 93.7] 31.5 
17 & [22.94] 615.6] 208.1] 5.18 | 3.01 |102.6| 34.7 
175 y [24-92] 676.1] 228.5] 5.21 | 3.03 |111.5] 37.9 
17; # |26.92] 738.1] 249.2] 5.24 | 3.04 |120.5] 41.3 
172 8 28.92| 801.7] 270.E| 5.27 | 3.06 |129.6| 44.6 
1776 2 |30.94| 866.8] 291.7] 5.30 | 3.07 |138.6| 48.0 
1716 | 9 [32-90] 933-4] 313-6] 5.33 | 3-08 /147-9| 51.4 
1716 | “4 |34-87|1 000.0) 335.0 5-36 | 3.10 |156.9| 54.8 
17k 36.91 |t 069.8] 357-7] 5.38 | 3.11 [166.2] 58.3 
17+ 38.97 |L 141.3| 380.7] 5.41 | 3-13 |175.6| 61.9 
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TABLE 153.—Continued 
PROPERTIES OF BETHLEHEM H COLUMNS 


Moment of Radius of Section 
Inertia Gyration Modulus 


Weight per Foot 
Width of Flange 
Thickness of Web 


Axis Axis | Axis | Axis | Axis | Axis 
1-1 2-2 i a2 ie 2=2 


h Ie Si S2 


In? | Ine 


4 | Nominal Flange Thickness 


185.0] 65.4 
194.6} 69.1 
204.3 | 72.8 
214.0| 76.5 


53-4| 17-9 


59.4.| 20.1 
65.6| 22.3 
71.8 | 24.6 
78.1 | 27.0 
84.5 | 29.4 
90.9 | 31.8 
97-4 | 34-2 
103.9 | 36.7 
110.4 | 39-1 


117.0| 41.7 
123.8 | 44.3 
130.6} 46.9 
137-5 | 49-5 


L is constant = 7.67” 


26.9| 8.9 


“I 
ala 


10.3 
Tig 
13.2 
14.7 
16.3 
17.8 
19.4 
21.0 
22.7 


alma |69 cafe 8a) c0]ea eH! coH 


Lis constant = 6.14” 


24.4. 
26.0 
27.8 
29.6 


OO 00 OmmDnmDDmDDoODWcCD 


BiH OOH co) 
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TABLE 154. 
PROPERTIES OF BETHLEHEM COMPOUND COLUMNS. 


eat 


x4!’ x 148 Lb. 
Special H 
Section, 


Reénforced 
with 
Cover Plates 


eect: 
2. ——— 


[Pa ot 


eee 


Total Section. Dimensions, Radius of Gyra- Sores Modu- 
tion, 


Cover Plates, 
Axis 
H | wiath. | Thick- B. B-B, 
Section, “| ness. 
ge Sa 


In.3 


coal 
i} 


Lb. In? 


449.6 
462.9 
476.2 
489.6 
503.0 
516.5 
530.0 
543-6 
557-3 
571.0 


3737-7 | 1321.9 
3876.9 | 1364.6 
4018.2 | 1407.3 
4161.7 | 1449.9 
4307.2 | 1492.6 
4454-9 | 1535-3 
4604.8 | 1577-9 
4756.8 | 1620.6 
AQII.0 | 1663.3 
5067.5 | 1705.9 


284.0} 83.52 
290.8 85.52 
297.6| 87.52 
304.4] 89.52 
311.2,| 91.52 
318.0 | 93-52 
324.8 | 95.52 
331.6 | 97-52 
338.4 | 99.52 
345.2 | IO1.52 


rooton SSI oneal 
© ONIN D 


Hee Ree eR 
c) 


(oMentontonc) 
NIB DEO DAN HWO 


leo 
eo 


ray 
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[e) 


582.4 
597-0 
611.7 
626.5 
641.3 
656.1 
671.1 
686.0 
701.1 
716.2 


5132.5 | 1901.6 
5298.7 | 1952.8 
5467.2 | 2003.9 
5638.1 | 2055.1 
5811.5 | 2106.3 
5987-2 | 2157.5 
6165.4. | 2208.7 
6345.9 | 2259.8 
6529.0 | 2311.0 
6714.5 | 2362.2 


6832.6 | 2655.6 
7029.0 | 2716.4 
7228.1 | 2777.1 
7429.8 | 2837-9 
7634.2 | 2898.6 
7841.3 | 2959-4 
8051.1 | 3020.1 
8263.6 | 3080.9 
8478.9 | 3141.6 


350.3 | 103.02 
357-5 | 105-15 
364.7 | 107.27 
372.0 | 109.40 
379.2 | I1I.52 
386.4 | 113.65 
393-6 | 115-77 
400.9 | 117.90 
408.1 | 120.02 
415.3 | 122.15 
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733-7 
749.8 
765-9 
782.1 
798-3 
814.7 
831.1 
847.6 
864.1 


423.4 | 124.52 
431.0 | 126.77 
438.7 | 129.02 
446.3 | 131.27 
454-0 | 133.52 
461.6 | 135.77 
469.3 | 138.02 
476.9 | 140.27 
484.6 | 142.52 
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Columns composed of a 14” X 148 lb. Special Column Section, reénforced with cover plates 
of width and thickness given in table. The total thickness, P, may be made of two or more plates, 
each of punchable thickness. 
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TABLE 155. 
ELEMENTS OF BETHLEHEM I-BEAMS AND GIRDER BEAMS. 


ELEMENTS OF BETHLEHEM I BEAMs. 


rea BS y Dimensions, in Inches. ae ‘S sa ga E g 
gig \mo a ia 8] 288) 28 eae 
ao Chante | = a.$°o a. = 
oa 8 |e yr xe) om | oS eet 
A SF) we | Be) a) BR) cise a se yr wt) xe | 2 See 
5 7 29 1 9 
30 120.0 ro} | - 28/2635 |135/28 | 6% [oes | 1 15 |7r.0|75 |32 jrxd |1§ (28 | 44 \54 los | F 
15 [64.0 |73%5| 22/123%|123| 314 |5$ | 3 F 
28 |T05.0j10 |% |2433|133| 32/6 |52 | | a steerer 23 ~|1 
5 a Sas 15 '54.0|7 |33 |12z6/132| 32/4 |Saelt | 4 
A 3 7 5 z 
1 15 1 |25 D3 7|5 15 a6.0 ore ae 125 Ti6 H, 34 51s cee B 
26 | 90.0] 94 | 33/23 |12 [33 | 52 |Saslae | 1 15 |41.0 of 39, |128 [Tas] 32/34 |St6|2 7 
15 |38.0 |632| ¢2/123 |Ivs\az |32|5i0| x6] @ 
15 LY 3 fe 5 7. 9 1 5 
24 | 84.0) Of [33 [21 [12 | 2/54 |Sae| vs] F] 12 |36.0/683\3% | oF |1Hs| 35) 33 [Sasla’s | 2 
3 5 Pe & ot 1 5 3 Ey 5 3 
24 83.0) 93 ante 2116 132 16 54 52 16, i 12 32.0 Ors $4|10x5 $2 16, 33 5i6! at a 
24 | 73-019 |¢¢ |2Ize|132| te] 542 [5s | 2| &] 12 |28.5 \6g |t |zo3| 23] 35132 St ize | 2 
yf 1 3 9/3 3 3 1 3 
20 | 82.0 88E 84/175 Tipld | 5 Sie]s | 3, 10 28.5 1584) of 3 re & 33 58 |, 4) 2 
20 | 72.0| 82 |r |I78 |Izs| 2/5 |5x6| 4 $] 10 |23.5|/53z]2 | 88 | 48) 2/34 |5t [3% 
20 | 69.0] 8&| 22/174 {13 |$ | 43 [53 |e | 4 ; 3 3 
20 | Grol sb lage lect lad | gad (ecelie| z| 9 [240 lsat] 28] 72 2 18 |3 [58 | 2 2 
gol Blt atest (rh Ie lage a ig | 9 [2>o|seslt | 74 2] a3 (5k lee i 
20 | 59.0) 8 B\I7z |lz |g |42|5s la [8 
43/1 3 1 9 1 A 5 7 
se 59:0 Tesla 13 154 a] Aw 44 53, ga gb 21 21 5 {11 5 3 5 3 
18 | 54-0) 743] 32/154 [18 las, | 42 [Sze|d | | 8 19-5 |588] 34) 65 [ie Iie | 28 |Sz6) 2] 2 
18 | 52.0 7y6/8 ,.|t54 |t8 | 6/42 (58 | a) 8) 8 17.5 |52 [2 g | te) r5|/ 24/52 |ve | 
18 | 48.5! 73 | @alt5¢ lta law 144 |Saela lo 


ELEMENTS OF BETHLEHEM GIRDER BEAMS. 
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| jal Y. 
sath 
ee K lec aw si 
% a 3 a3 2 Dimensions, in Inches 3 & : ag 23 : Dimensions, in Inches 5 & 
Gt |e Mid) Sad |e, a4 
os 8 care zy oe & Syn ~ 
aye | F)W)L/E/Gialeic igs amr se |e lw)/ i) K)e/alB| cies 
30 |200.0/15 dass |2alrd |xx [53 | x5] x 4] gz ga de eal aeies 
18 2.0113] gx 14 |Ig 2 I 
30 |180.0/13 46 |253%5|228/195] 9 [5tk/x5 | x 9 4] G2}14g |x | 35] 73 [5h | a] 
28 |180.0 1444} 34)233 2y5|TayTOR|ste| vel I] 15  |140.0|11}/§% |10t 215 1g3| 74 |Stelr6 | I 
28 |165.0]124 [34 [23% |ass|1a%s| 84/528/2 | 1 | 15° |104.0 114) S318 [176] Te} 74 [58 | 8) 1 
15 | 73.0/10a|ye |I2ys|1S3/16 | 62 |Sre|/t | 1 
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26 |150.0j12 |§ jar layelx4 | 8 [58 | | 1] 32 | 55.0] o8lf | of [13 133 16 [58 [2 | x 
24 |140.0/13 $3120 [2 | 3419 [ck | al x 3 1 
24 120.0112 [AF |2ok [rz | 38] 8 [ed | | x | 2° | 44-9] 9 | zo] 7% [18 | 34) 53 [Sz] ald 
20 |140.0/123 | @h)15th/2S 112 | B8ic5 | 2 x 
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TABLE 156. 
STANDARD CONNECTION ANGLES FOR BETHLEHEM I-BEAMS. 


. BEAM CONNECTIONS 


LI, 


LELSAKF STOR” LEG RAISE HSE" 
je Weight Albi Weight 52 [b- 
Ley 19/T we ppl 019° 8'Ts. 
a oa 


BIS ! ! gt Roe SaSe 
LEASE SY — CLOCARESLOR" — 2BO%A SB 'SOY0" — LIGA OTE LLO*E RB ROS" 
Weight 28 Ib: Woight 28 Ib- Weight 2A Ib Weight 18 Ibe, Weight 12 1b- 

— ~~~ La Ei - / . 
Spacing same in both legs of angles unless otherwise showa- All holes 7¢ Diam for z Diam Rivets or Bolts. 


Minimum Spans on which the Above Connection Angles may be Used for Greatest Safe Uniformly Distributed Loads. 


Least Span, in Feet, for Various Conditions. 


Rivets ; Shearing 10,000 Lbs., Bearing 20,000 Lbs. per Square In, 


' Depth of Weight per Field Connection, 
Beam, Inches. | Foot, Lbs. 


Con- When Two Beams Frame Opposite Each Other toa ivet Sh 
nection | Field | Beam or Girder with a Web Thickness as Follows: ae ne Be 


Con- Square Inch, 
nection. 


yi? 4” oY ad 


120.0 : 2i.f | 22.0) 24.8 : 39.7 | 49.7 26.3 
105.0 ; EO Za 20st | 2227 36.2 | 45.3 24.0 
90.0 5 17.3 | 18.1 | 20.4_ 32.0) I AOuy 21.6 
84.0 ; E71 | alyeQ) ||) 2022 26.9 | 32.2 | 40.3 21.4 
73-0 F BE.Op be l5e 7) Lar. 23.6 | 28.3 | 35.4 18.8 
72.0 A 14.7 | 15.4 | 17-4 23.2 | 27.8 | 34.8 18.4 
59.0 H inieren | Tee eS) MSnsu22.2.4|) 27.0 14.7 
48.5 : TOV) GL T2an) 1250) 16:0 920.2) |) 2502 13.4 
71.0 f 16.0 | 16.8 | 18.9 Bis | Sole a wey ey 20.0 
54.0 5 12:3) 2-8 5|) F4e5 cle 16.5) ||| 19:3.) 23-1. | 28.9 15-3 
38.0 fs 8.9 9.3 | 10.5 | 12.0 | 14.0 | 16.8 | 21.0 II.1 
36.0 : 9.0 9.5) 10:6)" 12:2) 14.2 || 17-0) | 21.3 11.3 
28.5 : 7.2 7.6 8.5 QeSuler rey) 0307 | Tek 9.1 
23.5 B 7.4. 7.8 8.7 | 10.0 | 11.6 | 14.0 | 17.5 9.3 
20.0 x 5.7 6.0 6.7 Wa, g.0 | 10.8 | 13.5 7.1 
17.5 : 4.3 4.5 5.1 5.8 6.8 8:2) | sEO.2 5-4 


The greatest value given of the least span for any of the governing conditions is the minimum 
span for which the connection may be used. 
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TABLE 157. 
STANDARD CONNECTION ANGLES FOR BETHLEHEM GIRDER BEAMS. 


306 Ba 


| 2b bbz Kg” 218 66 EX 3" 
Weight 67 lb. Weight 57 Jb’ Weight 48 Ib- 

15°6 pubs WEG BENG 
i 4 2 2” 3 " 
Sh | BBE | GES at : 
P| ot ese ese 
LE6%6 BRI OR" — LI O'KOE'SOYO™ =— Lib KbZKOLIE" §=— Ds 66" 2K 0S 
Weight 41b- Weight 32 lb. Weight Z51b-, 4, Meipht IT Ibe 

Spacing seme in both legs oF angles unless ofhernise. shown. All holes 7¢ Diam. For ¢Diam- Rivets or Bolts» 


Minimum Spans on which the Above Connection Angles May be Used for Greatest Safe Uniformly Distributed Loads. 


Least Span, in Feet, for Various Conditions, 


Rivet ; Shearing 10,000 Lbs., Bearing 20,000 Lbs. per Sq. In, 
Depth of Beam,| Weight per 
Inches. Foot, Lbs. 


Field Connection, 


Con- When Two Beams Frame Opposite Each Other toa 


nection al Beam or Girder with a Web Thickness as Follows: ee 
‘on- 


4 Square Inch, 
nection. 


a!’ a! 3 sy’ 


200.0 : 24.5 : B3eRals 3S-Om| 40.3 30.7 
180.0 i 22.0 29.6 | 34.5 | 41.4 27.5 


180.0 : 24.1 32:4 | 37.8 | 45.4 i 30.1 
165.0 : 21.8 : 29.3 | 34.2 | 41.0 27.2 


160.0 kK 20.1 27.0 | 31.5 | 37.8 be2 Go 
150.0 ; 18.4 24.8 | 28.9 | 34.7 23.0 


140.0 ‘ 19.2 25.9 | 30.2 | 36.2 24.0 
120.0 : 16.5 22.2 | 25.9 | 31.1 20.6 


140.0 . 19.7 | 20.6 26.5 | 30.9 | 37.1 : 24.6 
112.0 : 15.7 | 16.4 4 21.1 | 24.7 | 29.6 19.6 


92.0 : ING) t2-4 16.0 | 18.6 | 22.3 14.8 


140.0 ; 18.3 | 19.2 ; 24.7 | 28.8 |.34.5 22.9 
104.0 d 14.0 | 14.7 s 18.9) | 22:0 | 26.4) 33.1 17.5 
73.0 é 10.2 | 10.6 13.7 | 16.0 | 19.1 | 23.9 12.7 


70.0 é 10.8 | 11.4 14.6 | 17.0 | 20.4 | 26.5 13.5 
55.0 : 8.7 9-1 1Es7" ||| 13-7 | 1G.a ook 10.9 


44.0 F 5.9 0.2 6.9 7.9 Of ENsy | 0320 7.4, 
38.0 ; 7.6 8:0)| (9,0.)| 10.8) |, toto Nerasae |e E810 9.5 
32.5 e 5.8 6.0 6.8 hei 9.0 | 10.8 | 13.6 vie: 


The greatest value given of the least span for any of the governing conditions is the minimum 
span for which the connection may be used. 
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TABLE 158. 
Cast IRoN SEPARATORS FOR BETHLEHEM GIRDER BEAMS AND I-BEAmMs. 


BrerHLEHEM GIRDER BEAMs. i BrerHirHem I Beams. 


H| Ox 
i a 
Si 


Dx 
Bi 
aa: 


{ 13 1 
i H { { 
aia 12. > 
W 
Separatorsfor I8'to 30 beamsare £ metal. Separators for 18°to 30" beamsare 2 metal. 


Separators for 8"tol5beams are 3 metal. Separators for 8°ts /5" beams are metal. 


Beam. Distances. Weights. Beam. Distances. Weights. 


jew) 
25 
& 


Separators. 


Separators.| Bolts. 


Width S. 
For Each 1/” 


Weight per Foot. 
C. to C, of Beams. 

= | For Width S. 

tH | For Each x” 

& | Increasein S. 
For Width S. 
For Each 1” 
Increase in S 

sad : 

o | Weight per Foot. 
[y C. to C. of Beams. 
For Width S. 

For Each 1’ 
Increase in S. 

For Width S. 
Increase in S, 


In, | In. 


[oe 
= 
Ie: 
o 


. | In. 


F 


Separators with Three Bolts. Separators with Three Bolts. 


50.1 |4.50 
43.9 |4.15 
39-3 /3-85 


200.0 | 153 |15 73OWA-5O\ 7 120.0 | 11 
180.0 | 13 |13 64.5 |4.50| 7.0 |. 105.0 | 10 
180.0 | 15 |14% 65.04.15 | 7.4 |. g0.0 | 10 
165.0 | 134 |123 59-1 |4.15 | 6.8 |. 4 

160.0 | 144 |133 59-0 |3.85 | 7. 

150.0 | 12% |125 153-0 |3-85 


1 
4 
& 
8 
Bs 


Separators with Two Bolts. Separa with Two Bolts. 


84.0 
73-9 
72.0 
59.0 
48.5 
71.0 
54.0 
38.0 
36.0 
28.5 


35.1 13-65 
35.1 |3-65 
28.2 |3.00 
3.00 


13$|/123|154|50.0 |3.50 
124/123|144/47.0 |3.50 
122/10 |14%|39.0 |2.80 
12 |10 |14 |38.0|2.80 
114/10 }134|34.0 |2.60 
113| 73|14 |22.0|1.50 
I1Z} 74|133|22-0|1.60 
104| 74 21.0 |1.60 
TO) 15 17.5 |1.30 
{ro | 5 17.5 |1.30 


$ wi olt. Separators with 


mlencojes cojenmleo 
eee 


bolH onjouale 


ae ci ee 
DDO KW HWW DA 


DH YPWWHWHWWH WY 
DOOR HKHBNADAA 


DANI NI CO 00 C10 0 0 
RerNorate ay 
DAN NI NIN 0010 0 0 
lH oles 


I.10| 1.8 |. 23.5 | 64] 6 
1.00] 1.7 |. 20.0)|) 52 ise 
85/17 17-5 | 58| 58 


Separators for 18 to 30 inch beams are 3 inch metal. 
Separators for 8 to 15 inch beams are } inch metal. 
All bolts 3 inch diameter. 
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TABLE 159. 
SaFrE Loans, IN TONS, AND DEFLECTIONS, IN INCHES, BETHLEHEM I-BEAMs. 


Weight. Length of Span in Feet. 


In. Lb. 8 | 10 | 12 | 14} 16 18 20 22 24 26 28 30 32 34 | 36 38 40 42 
85| 78| 72) 67) 62) 58| se) 52] 49] 47] 44 
-36| .33| -30| -28] .26] .25| .23|-.22] .21] 20] .19 
.27| .32| 37| -43| .50| .57| .64| .7z| .80| .88| .o7 
70| 64| 59| 55| 51} 48] 45) 42| 40) 38| 36 
133) | 31 | -28| 26] .24| .23)| 22] .20| .19| =19)) .18 
.29| .34| -40| 46) .53) .6r| .68| .77| .85| .95|r.04 
56| 5t| 47| 44] 41] 38] 36] 34) 32] 31] 29 

-26| .24| .23|,.21| .20] .19| .18| -17]| .16 
«31 | -37|_-43|_-50| .57| .65| .74| 83) .92|1.02 |r.12 
48| 44| 41| 38) 35) 33/ 31] 29] 28) 26)... 
42| 39| 36] 33] 31] 29] 27 we 
29] .26| 24] .22| 21) .20] .19 
-33| .40| -47| -54| .62| .7z| .So 
38] 35) 32] 30] 28) 26] 24 
36] 33] 30| 28] 26] 24) 23 
31| 28| 26] 24] 23] 21| 20 
25 


i : 1.07 |1.19 
29), 26: 24.) 622,)) 20)) TO) p76) re) 151) 14) 
28'| 25.) 23) 20-29) 18) 17) 16), rs) 14 03 
26 | 4, 21) 720) 18) 17) 16) wel) aa) 13) 12 
526 | 24 \\s20)|\ 20.) s18H, 07] 216) .25 || -04)|| 13) ene 

-30| .37| .44| .53|_-02| -72| 83| .04 11.06 |1.19 |7.33 |. 
31| 28) 26] +24) 22) 20] 19] 18| 17] 16] a5 
2492 |= 20) T8N- D7 15 na rai! ag) rare 

10 


20)||" ‘ 205) 041. 0133) s02'|\ 22!) 5. CL ee EO! tone 
1.43 


I5| 13 122 TL FON Oi S19 8 
IBV) ET Veto VF Oi) eS Seales 7 
12] 11] 10 Oly 1 S75) ee lene 
ZONE Ca |seCOn eh Al e0S | ilel 21) Ldn el 
SGN sh |b GON COM N ZO Il 1Q3.|TnOO | T4240 Ally | Unt) || een | ee 
Die Ble oF | eal) Gl Oy wSile: chi leeeee seal eile Sa a ee 
Bh 7 Weed | PaO Bille Ba, Ls tee 
-16| .15| .13| .12] .11] .10| .09] .09 
42 || 254) | 66 || 801) .95'|T.22\| 7-30) 7-40 |). | te 
ZN. G5 | 5), ESHA es ARR gg eae | ee | ee ee 
O16]? 6 She ale aes aes 
+15 |_.13 | 12 | .1L] .10] .09} .09| .08 |... 
AT OO GH | 8G | ZOO) mee id Te 44 | Ts OOH ence ce eee | ele eee eel 
5.0} 4.6 [4.0 | a7) Bae RSS ee ae ee ee ee 
4-8} 4.2] 3.8] 3.5] 3.2 |- ae) 
13] .12| .11 | .10] .09|. a 
Def. |.13|.21 |.30|.4r | .53| .67 | 83 |.00'r.19 || cacao ee Pee 


The figures give the safe uniform load, in tons of 2000 Ib., based on an extreme fiber stress of 
16000 lb. per sq. in., or end reactions for safe uniform load in thousands of |b. 

Figures for deflection in inches. 

For loads concentrated at center, use one-half of figures given for allowable load, and four- 
fifths of deflections. 

For figures to right of heavy lines, deflections are excessive for plastered ceilings. 

Figures given apply only when beams are secured against lateral deformation. 


* Increase of safe load in tons for each pound increase in weight of I-Beam. 
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TABLE 160. 
SAFE Loaps, IN ToNS, AND DEFLECTIONS IN INCHES, BETHLEHEM GIRDER BEAMS. 


. |Weight. Length of Span in Feet. 


Lb. 24 | 26 | 28 


200 136 
180 |... a, 121 

* : J : i) 
Dea ee ee ee : 3 32 
180 |. 5, IIs 
104 
2g 


.13] {42 |. 


.53| 67 | .83 |r.00 |r.r9 


The figures give the safe uniform load in tons, of 2000 lb., based on extreme fiber stress of 
16000 Ib. per sq. in., or end reactions for safe uniform load in thousands of pounds. 


Figures for deflections are given in inches. \ 
For load concentrated at center, use one-half of figures given for allowable load and four- 


fifths values given for deflection. : 

For figures at right of heavy zigzag lines deflections are considered excessive for plastered 
ceilings. 
Figures given apply only when beams are secured against lateral deformation. 


* Increase of safe load in tons for each pound increase in weight of Girder Beams. 
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TABLE 161 
DECIMAL Parts OF A Foot AND INCH 


DEcIMAL PARTS OF A Foot 


gt 6” wae 


Te 


Decimal Parts 
of an Inch 


fe bell cf 
iS ole os ble 


cof 
| 


cole 
noe ICH 


feo 
oO 


) 
by] 


bo KE cole 
= Bes eS wee 


| 
ty 


SE ok SS os 


.5000 . «7500 
+7526 
+7552 
7578 
7604. 
-7630 
7656 
7682 


5026 . 
-5052. 
-5078 . 


5104 . 
Psiefohe 
5156 . 
-5IS2 
-5208 . 
+5234 - 
5260 . 
5286 . 


-7708 
7734 
-7760 
7786 


-7813 
-7839 
-7865 
-7891 
‘7917 
+7943 
‘7969 
7995 
-8021 
-8047 


5313 - 
5339 - 
5365 . 
ASSOIS: 


-5417 2 
5443 - 
5469 « 
5495 - 


AH Pe 
5547 - 
5573 + 
5599 - 


5625 
shO5r | 
50772 3 
5703 « 


5729 + 
4755 ¢ 
“S7OL 
+5807 . 


-8099 


- 8125 
S151 


8281 
8307 
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-8073 .« 


8177 . 
-8203 | 


8229 . 
8255 . 


Aspguly 
O14 


9167 
+9193 
9219 
9245 


.9271 
9297 
+9323 
9349 


9375 
.9401 
+9427 
8620 9453 


9479 
+9505 
+9531 
+9557 


9583 
-9609 
9635 
.9661 


.9688 
+9714 
-9740 
.9766 
9792 
-9818 
9844 
-9870 
9896 
+9922 


9974 


9948 


ia [-) 
I» oe Se 


cs) 
| 


Hh : 
he ge ae 


ce 
tk 


eo) 
by] 


4 HL, oe oO. 
3 aS Ss id 


| 
by] 


es 
bal & wiH 


Se oI 


ito 
leo 


ool 
| 


SS ob Sh we 


GE cle SS os 


Hy 
fe Sle elo ale 


ne ets olor 


TABLE 162 
TABLE OF BEVELS 


AMERICAN BripGE Company STANDARDS 


AG 
v q 
\ 
wee 
ee ee gto 4 
2 3 4 5 6 7 8 9 Io Ir 


so 

Z Angle V Angle VjAngle V|Angle V/Angle V/Angle V/Angle V|Angle V|Angle V 

ales esas leis leis ies zletz/e ize iis] zlgi gle 
(ere) 46| 9/28/14] 02/18] 26) 22137] 26) 34] 30] 15 | 33] 41 | 36 52 | 39 | 48 | 42 | 31 
09 55| 936] 14| 11] 18 | 34 | 22 | 45 | 26 | 41 | 30| 22 | 33 | 48/36 | 58] 39] 54 | 42 | 35 
18 04) 9/45) 14/19] 18} 42 | 22/52 | 26 | 48 | 30| 29 | 33 | 54137] 04139159] 42] 40 
27 12] 9| 54} 14 | 27 | 18 | 50} 23 | 00} 26] §5 | 30] 35 | 34 | 00] 37 | 09] 40} 04] 42] 45 
36 21 | 10/03 | 14 | 36| 18 | 58 | 23 | 08 | 27 | 02 | 30| 42 | 34 | 06|37: 15 | 40! 09/42] 50 
45 30} 10) 11} 14 | 44 | 19 | 06] 23 | 15] 27| 10! 30] 49] 34 12 | 37| 21 | 40] 15] 42/4 55 
54 39 | 10 | 20) 14 | 53 | 19 | 14] 23 | 23 | 27 | 17} 30] 55 | 34] 18 | 37 | 26 | 40 | 20] 43 | oo 
03 48 | 10] 29] 15 | or | 19 | 22 | 23 | 30] 27 | 24 | 31 | 02 | 34 | 24] 37 | 32 | 40| 25 | 43 | 04 


we BE of Gam Slo cle Sh we Si chs Sh om SE Sb Sle wm Ss Sle Se om Se Sh + 0 


PRP POY WHY DH HYKHHK KRYHH HH HH HOO OO 0 0 0 © | Deg. 


10] 37 | 15 | 09| 19 | 30} 23 | 38) 27 | 31) 31 | 08 | 34] 31 | 37 | 38 | 40 | 30] 43 | 09 
10 | 46 | 15 | 18 | 19 | 38 | 23 | 45 | 27 | 38 | 31 | 15 | 34137137 | 43 | 40| 35 | 43 | 14 
10) 54} 15 | 26] 19 | 46 | 23 | 53 | 27 | 45 | 31 | 21 | 34] 43 | 37 | 49 | 40] 41 | 43 | 19 
TI | 03 | 15 | 34] 19 | 54 | 24 | 00 | 27 | 52 | 31 | 28 | 34 | 49.| 37 | 54 | 40 | 46 | 43 | 23 
II | 12/15 | 43 | 20} 02 | 24 | 08 | 27/59 131] 34134|55 |38|00] 40] 51 |.43 | 28 
II) 20/15 | 51) 20) 10) 24/15 | 28 | 06) 31] 41 | 35 | 01 | 38 | 05 | 40| 56] 43 | 33 
IT] 29}-15 | 59 | 20] 18 | 24 | 23 | 28} 13] 31) 47] 35 |07]38] 11 | 41 | or | 43 | 38 
IT | 38 | 16 | 07 | 20 | 26 | 24 | 30| 28 | 20] 31 | 54] 35 | 13 | 38] 17] 41 | 06] 43 | 42 


II | 46 | 16] 16 | 20 | 33 | 24 | 37 | 28] 27 | 32 | 00] 35 | 19 | 38] 22 | 41 | 11 | 43 | 47 
IL] 55 | 16} 24 | 20/41] 24] 45 | 28| 34] 32] 07/35] 25/38/28] 41| 16| 43 | 52 
12 | 03 | 16 | 32 | 20] 49 | 24 | 52 | 28] 4o| 32 | 13.135 | 32 | 38 | 33 | 41 | 21 | 43 56 
12 | 12] 16} 40 | 20] 57 | 25 | 00 | 28] 47 | 32 | 20|.35 | 37| 38] 39 | 41 | 26 | 44 | ox 
21 
21 
21 
21 


21 
21 


wig a gh te 


I 
io 


COD T0 nD Mn annwAaaorrn NNNN ADNAN AKAN HUME nue # | Deg. 
= wal 
Oo 


SF ok 


TABLE 163 
ORDINATES FOR 16’-0’’ CHORDS 
AMERICAN BRIDGE COMPANY STANDARDS 


On all drawings for 
curved work where radius 
exceeds facilities of Temp- 
et Shop Floor, make a 
sketch as shown giving 


i 1 Hl i 
CR Uae Ua Ua 
ordinates from table. ori aotezotte zor 


be 
\ 
tS 


nn eee 


; Ordinates for 16/—-0’” 3 Ordinates for 16’—-0’” A Ordinates for 16’-0’” 
esis Templet in Inches R Templet in Inches R Templet in Inches 


Ft. In. 


b c 


) 
» 
i 


ro 6” 
16- 8 
16-10 
17-0 
17-2 
17-4 
17- 6 
17—/8 
17-I0 
18-0 | 


ole 
Persone) 

Col co |69 bo) cojan 
AAAAN 


Heol colencolaa + 


APPAR UNM 


Coli |tol cope cola 
Mtn O 


elit coleo balms imaled 


OH [HM oocoRd|etbo- colon leo lcooolss 


18 2 
18— 4 
18— 6 
18- 8 
18-10 
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19— 2 
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20- 0 
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20- 6 
20- 9 
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Col GolHe|coleo Goleabo|cnlenm|coco}a Gola 
Clsco]ea bol [e2G0}-100)- C009 Go|trG0]—3 Go] |t bolt 


oles bo) color |oo 00/3 
Dl4onjeo — coleryfaler 


Dj aoloo 
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Dl) cola ba|tacler Gojenm|co00}—3 
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IH cole celenm|cocolazco|mt |H+RS| + colen con 


WOW WHOADA PEUUH UUANAA AON 


lH ooleatoj coleron|—a 


mond moor 


Djcoleoes| leo 
Hpcolcaksi color pe|Coco|~a 


PeKHKHHD HHWWW WWWWH 
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ae ee 
lH IW cojeoaieteal — cojevan|enye|co.00|~3 00—3 
icles colors ico 


HH PKK KVVWWW WHWWWwWE SPHHPPH 


HHH FHM 
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cokots|cojommioo ona tol Gojoe 


Bp comm|rscnjesesint cojenialcoonaz 
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| nl on on 
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De- 


grees 


conan |aswns 


NON AA 
KRONHS 


NNN 
NAO 


23 
24 


NON NNN 
Oo ON Qh 


Tee 


+0044 
.0218 |. 
+0393 
0568 
0743 


0919 
1095 
Bae 
+1450 | . 
-1629 


-1808 | . 
-1989 
-2171 
-2355 
-2540]. 


.2742 | .2758 | .2773 | .2789 | . 


2726 
2915 
3105 |. 
3298 
+3492 | - 


.3689 | .3706 | 3722 | 3739 | -3755 
.3889 | .3906 | .3922 | .3939 | 3956]. 
-409I | .4108 | . 
-4314 | -4331 | -4348 | 4365 | . 


-4296 
“4505 


4716 
+4931 
«5150 
“5373 
.5600 


6832 |. 
.6068 
.6310 
6556 
.6809 


7067 
+7332 | - 
7604 
7883 
8170 


8466 
.8770 
9083 
-9407 
9742 


J 


5 


0058 | .0073 | .0087 | .o102 


.0407 | .0422 | .0437 0451 
.0582 | .0597 | .0612 | .0626 |. 
.0758 | .0772 | .0787 | .0802 | . 


.0934 | 0948 | .0963 | .0978 | . 
-IIIO | .1125 | .1139 | .1154 |. 
-1287 | .1302 | .1317 | .1331 


1644 | .1658 | .1673 ‘1688 


.2004 | .2019 | .2035 | .2050] . 
2186 | .2202 | .2217 | .2232]|. 
.2370 | .2385 | .2401 | .2416]. 


3314 | 3330 | -3346 | -3362 |. 


6088 | . 
.6330 | .6350 | .6371 | .6391 | « 
.6577 | .6598 | .6619 | .6640 | . 
.6830 | .6851 | .6873 | .6894 | . 


-7089 | -7111 | -7133 | -7155 | - 


-7627 | .7650 | .7673 | -7696 | . 
‘7907 | -7931 | -7954 | -7978 | - 
8195 | 8219 | .8243 | .8268 |. 
-8491 |. c 
.8796 | .8821 | 8847 | .8873 | . 
-Q110 | .9137 | .9163 | .9190 | . 
-9435 | 9462 | 9490 | .9517 | - 
.9770 | .9798 | .9827 | .9856 |. 


TABLE 164 


NaturAL TANGENTS 


4734 | -4752 | 4770 | .4788 | . 
.4950 | .4968 | .4986 | .5004 | . 
5169 | 5187 | 5206 | 5224 |. 
-5392 |. 5 : 4 
5619 | 5639 | -5658 | 5677 |. 
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TABLE 165. 


Squares, CuBES, SQUARE Roots AND CuBE Roots oF NUMBERS FROM I TO 99. 


1.0000 
1.4142 
1.7321 
2.0000 
2.2361 
2.4495 
2.6458 
2.8284 
3.0000 
3.1623 


3.3166 
3.4641 
3.6056 
3-7417 
3-8730 
4.0000 
4.1231 
4.2426 
4.3589 
4.4721 


4.5826 
4.6904. 
4.7958 
4.8990 
5.0000 
5.0990 
5.1962 
5-2915 
5.3852 
5-4772 


5.5678 
5-6569 
5-7446 
5-8310 
5.9161 
6.0000 
6.0828 
6.1644 
6.2450 
6.3246 


6.4031 
6.4807 
6.5574 
6.6332 
6 7082 
6.7823 
6.8557 
6.9282 
7.0000 


Sq. Root. 


1.0000 


1.2599 
1.4422 
1.5874 
1.7100 
1.8171 
1.9129 
2.0000 
2.0801 


2.1544 


2.2240 
2.2894. 
2.3513 
2.4101 
2.4662 
2.5198 
2.5713 
2.6207 
2.6684. 
2.7144 


2.7589 
2.8020 
2.8439 
2.8845 
2.9240 
2.9625 
3.0000 
3.0366 
3.0723 


3.1072" 


3.1414 
3.1748 
3.2075 
3.2396 
3.2711 
3-3019 
3.3322 
3.3620 
3-3912 
3.4200 


3.4482 
4.4760 
3.5034 
3-5303 
3-5569 
3.5830 
3.6088 
3-63.42 
3-6593 


Cu. Root. 
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Cube. 


125000 
132651 
140608 
148877 
157464. 
166375 
175616 
185193 
195112 
205379 


216000 
226981 
238328 
250047 
262144. 
274625 
287496 
300763 
314432 
328509 


343000 
357911 
373248 
389017 
405224 
421875 


438976 | 


456533 
474552 
493039 


512000 
531441 
551368 
571787 
592704. 
614125 
636056 
658503 
681472 
704969 


729000 
753571 
778688 
804357 
830584 
857375 
884736 
912673 
941192 
970299 


Sq. Root. 


7.0711 
71414 
OTD 
7.2801 
7-3485 
7.4162 
7-4833 
7-5498 
7.6158 
7.6811 


7-7460 
7.8102 
78740 
7-9373 
8.0000 
8.0623 
8.1240 
8.1854. 
8.2462 
8.3066 


8.3666, 
8.4261 
8.4853 
8.5440 
8.6023 
8.6603 
8.7178 
8 7750 
8.8318 
8.8882 


8.9443 
9.0000 
9.0554 
g. 1104. 
9.1652 
9.2195 
9.2736 
9.3274 
9.3808 
9.4340 


9.4868 
9.5394. 
9.5917 
9.6437 


9.6954 | 


9-7468 
9-7980 
9.8489 
9.8995 
9.9499 


Cu. Root. 


3.6840 
3-7084 
3-7325 
3-7563 
3-7798 
3.8030 
3.8259 
3-8485 


3.8709 - 


3.8930 


Square. 


10000 
10201 
T0404 
10609 
10816 
11025 
11236 
11449 
11664 
T1881 


12100 
12321 
12544 
12769 
12996 


13225 
13456 
13689 
13924 
14161 


14400 
14641 
14884 
15129 
15376 
15625 
15876 
16129 
16384 
16641 


16900 
17161 
17424 
17689 
17956 
18225 
18496 
118769 
19044 
19321 


19600 
19881 
20164 
20449 
20736 
21025 
21316 


21609 - 


21904 
22201 


Cube. 


1000000 
1030301 
1061208 
1092727 
1124864 
1157625 
IIQIo16 
1225043 
1259712 
1295029 


1331000 
1367631 
1404928 
1442897 
1481544 
1520875 
1560896 
1601613 
1643032 
1685159 


1728000 
1771561 
1815848 
1860867 
1906624 
1953125 
2000376 
2048383 
2097152 
2146689 


2197000 
2248091 
2299968 
2352637 
2406104. 
2460375 
2515456 
2571353 
2628072 


. 2685619 


2744000 
2803221 
2863288 
2924207 
2985984 
3048625 
3112136 
3176523 
3241792 
3307949 


TABLE 165.—Continued. 


Souares, CusEs, SQUARE Roots AND CuBE Roots oF NUMBERS FROM 100 TO 199. 


Sq. Root. 


10.0000 
10.0499 
10.0995 
10.1489 
10.1980 
10.2470 
10.2956 
10.3441 
10.3923 
10.4403 


10.4881 
10.5357 
10.5830 
10.6301 
10.6771 
10.7238 
10.7703 
10.8167 
10.8628 
10.9087 


10.9545 
I1I.0000 
11.0454 
11.0905 


11.1355 
11.1803 


11.2250 
11.2694 
11.3137 
11.3578 


11.4018 
11.4455 
I1.4891 
11.5326 
11.5758 
11.6190 
11.6619 
11.7047 
11.74.73 
11.7898 


11.8322 
11.8743 
11.9164 
11.9583 
12.0000 
12.0416 
12.0830 
12.1244 
12.1655 
12.2066 


4.6416 
4.6570 
4.6723 
4.6875 
4.7027 
4.7177 
4.7326 
4-74.75 
4.7622 
4.7769 


4.7914 
4.8059 
4.8203 
4.8346 
4.8488 
4.8629 
4.8770 
4.8910 
4.9049 
4.9187 


4.9324 
4.9461 
4.9597 
4.9732 
4.9866 
5.0000 
5.0133 
5.0265 


5-0397 
5.0528 


5.0658 
5.0788 
5.0916 
5-1045 
5.1172 
5.1299 
5-14.26 
5-155 
5.1676 
5.1801 


5.1925 
5.2048 
5.2171 
5.2293 
5.2415 
5.2536 
5.2656 
5.2776 
5.2896 
5.3015 


Cu. Root. No. 


150 
Isl 
152 
153 
154 
155 
156 
157 
158 
159 


160 
161 
162 
163 
164 
165 
166 
167 
168 
169 


170 
171 
172 
173 
174 
175 
176 
177 
178 
179 


180 
181 
182 
183 
184 
185 
186 
187 
188 
189 


190 
191 
192 
193 
194 
195 
196 
197 
198 
199 


273 


Square. 


22500 
22801 
23104 
23409 
23716 
24025 
24336 
24649 
24964 
25281 


25600 
25921 
26244 
26569 
26896 
27225 
27556 
27889 
28224 
28561 


28900 
29241 
29584 
29929 
30276 
30625 
30976 
31329 
31684 
32041 


32400 
32761 
33124. 
33489 
33856 
34225 
34596 
34969 
35344 
35721 


36100 
36481 
36864 
37249 
37636 
38025 
38416 
38809 
39204. 
39601 


Cube. 


3375000 


3442951. 


3511808 
3581577 
3652264 
3723875 
3796416 
3869893 
3944312 
4019679 


4096000 
4173281 
4251528 
4330747 
4410944 
4492125 
4574296 
4657463 
4741032 
4826809 


4913000 
5000211 
5088448 
5177717 
5268024. 
5359375 
5451776 
5545233 
5639752 
5735339 


5832000 
5929741 
6028568 
6128487 
6229504. 
6331625 
6434856 
6539203 
6644672 
6751269 


6859000 
6967871 
7077888 
7189057 
7301384 
7414875 
7529536 
7645373 
7762392 
7880599 


Sq. Root. 


12.2474 
12.2882 
12.3288 
12.3693 
12.4097 
12.4499 
12.4900 
12.5300 
12.5698 
12.6095 


12.6491 
12.6886 
12.7279 
12.7671 
12.8062 
12.8452 
12.8841 
12.9228 
12.9615 
13.0000 


13,0384 
13.0767 
13.1149 
13.1529 
13.1909 
13.2288 
13.2665 
13.3041 
13.3417 
13.3791 


13.4164. 
13-4536 
13.4907 
13.5277 
13.5647 
13.6015 
13.6382 
13.6748 
13.7113 
13-7477 


13.7840 
13.8203 
13.8564 
13.8924 
13.9284 
13.9642 
14.0000 
14.0357 
14.0712 
14.1067 


Cu. Root. 


5-3133 
5.3251 
5.3368 
5.3485 
5.3601 
5.3717 
5.3832 
5-3947 
5.4061 
5-4175 


5-4288 
5-4401 
5-4514 
5.4626 
5-4737 
5.4848 
5-4959 
5.5069 
5.5178 
5.5288 


5-5397 
5-5505 
5-5613 
55-5721 
5.5828 


5-5934 


40000 
40401 
40804, 
41209 
41616 
42025 
42436 
42849 
43.264 
43681 


44100 
44521 
44944. 
45369 
45796 
46225 
46656 
47089 
47524. 
47961 


48400 


49284 
49729 
50176 
50625 
51076 
51529 
51984 
52441 


52900 
53361 
53824. 
54289 
54756 
55225 
55696 
56169 
56644 
57121 


57600 
58081 
58564 
59049 
59536 
60025 
60516 
61009 
61504. 
62001 


Square. 


“48841 


‘Cube. 


TABLE 165.—Continued. 


SouaREs, Cuses, SQUARE Roots AND CuBE Roots or NUMBERS FROM 200 TO 299. 


Sq. Root. 


Cu. Root. 


No. 


Square. 


8000000 
8120601 
8242408 
8365427 
8489664. 
8615125 
8741816 
8869743 
8998912 
9129329 


9261000 
9393931 
9528128 
9663597 
9800344 
9938375 
10077696 
10218313 
10360232 
10503459 


10648000 
10793861 
10941048 
11089567 
11239424 
11390625 
11543176 
11697083 
11852352 
12008989 


12167000 
12326391 
12487168 
12649337 
12812904 
12977875 
13144256 
13312053 
13481272 
13651919 


13824000 
13997521 
14172488 
14348907 
14526784 
14706125 
14886936 
15069223 
15252992 
15438249 


14.1421 
14.1774 
14.2127 
14.2478 
14.2829 
14.3178 
14.3527 
14.3875 
14.4222 
14.4568 


14.4914 
14.5258 
14.5602 
14.5945 
14.6287 
14.6629 
14.6969 
14.7309 
14.7648 
14.7986 


14.8324 
14.8661 
14.8997 
14.9332 
14.9666 
15.0000 
15-0333 
15.0665 
15.0997 
15.1327 


15.1658 
15.1987 
bie a) 
15.2643 
15.2971 
15.3297 
15.3623 
15.3948 
15.4272 
15.4596 


15.4919 
15.5242 
15.5563 
15.5885 
15.6205 
15.6525 
15.6844 


15.7162 


15.7480 
15-7797 


5.8480 
5.8578 
5.8675 
5.8771 
5.8868 
5.8964 
5-9959 
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250 
251 
252 
253 
254 
255 
256 
257 
258 


260 
261 
262 
263 
264 
265 
266 
267 
268 
269 


62500 
63001 
63504 
.64009 
64516 
65025 
65536 
66049 
66564. 
67081 


67600 
68121 
68644 
69169 
69696 
70225 
70756 
71289 
71824 
72361 


72900 
73441 
73984. 
74529 
75076 
75625 
76176 
76729 
77284 
77841 


78400 
78961 
79524. 
80c89 
80656 
81225 
81796 
82369 
82944 
83521 


84100 
84681 
85264 
85849 
86436 
87025 
87616 
88209 
88804 
89401 


Cube. 


15625000 
15813251 
16003008 
16194277 
16387064 
16581375 
16777216 
16974593 
17173512 
17373979 


17576000 
17779581 
17984728 
18191447 


18399744 
18609625 


18821096 
19034163 
19248832 
19465 109 


19683000 
19902511 
20123648 
20346417 
20570824 
20796875 
21024576 
21253933 
21484952 
21717639 


21952000 
22188041 
22425768 
22665187 
22906304 
23149125 
23393656 
23639903 
23887872 
24137569 


24389000 
24642171 
24897088 
25153757 
25412184 
25672375 
25934336 
26198073 
26463592 
26730899 


Sq. Root. 


15.8114 
15.8430 
15.8745 
15.9060 
15.9374 
15.9687 
16.0000 
16.0312 
16.0624. 


16.0935 


16.1245 
16.1555 
16.1864. 
16.2173 
16.2481 
16.2788 
16.3095 
16.3401 
16.3707 
16.4012 


16.4317 


16.4621 


16.4924 
16.5227 
16.5529 
16.5831 
16.6132 


“16.6433 


16.6733 
16.7033 


16.7332 
16.7631 
16.7929 
16.8226 
16.8523 
16.8819 
16.9115 
16.9411 
16.9706 
17.0000 


17.0294 
17.0587 
17.0880 
17.1172 
17.1464 
17.1756 
17.2047 
17.2337 
17.2627 
17.2916 


Cu. Root. 


6.2996 
6.3080 
6.3164 
6.3247 
6.3330 
6.3413 
6.3496 
6.3579 
6.3661 
6.3743 


6.3825 
6.3907 
6.3988 
6.4070 
6.4151 
6.4232 
6.4312 
6:4393 
6.4473 
6.4553 


6.4633 
6.4713 
6.4792 
6.4872 
6.4951 
6.5030 
6.5108 
6.5187 
6.5265 
6.5343 


6.5421 


6.5499 
6.5577 
6.5654 
6.5731 
6.5808 
6.5885 
6.5962 
6.6039 
6.6115 


6.6191 
6.6267 
6.6343 
6.6419 
6.6494 
6.6569 
6.6644 
6.6719 
6.6794 
6.6869 


Square. 


goo0co 
go601 
91204 
g1809 
92416 
93025 
93636 
94249 
94864 
95481 


96100 
96721 
97344 
97969 
98596 
99225 
99856 
100489 
IOI124 
101761 


102400 
103041 
103684 
104329 
104976 
105625 
106276 
106929 
107584 
108241 


108900 
109561 
110224 
110889 
111556 
112225 
112896 
113569 
114244 
114921 


I15600 
116281 
116964. 
117649 
118336 
119025 
119716 
120409 
121104. 
121801 


Cube. 


27000000 
27270901 
27543608 
27818127 
28094464 
28372625 
28652616 
28934443 
29218112 
29503629 


29791000 
30080231 
30371328 
30664297 
30959144 
31255875 
31554496 
31855013 
32157432 
32461759 


32768000 
33076161 
33386248 
33698267 
34012224 
34328125 
34645976 
34905783 
35287552 
35611289 


35937000 
36264691 
36594368 
36926037 
37259704. 
37595375 
37933056 
38272753 
38614472 
38958219 


39304000 
39651821 
40001688 
40353607 
40707584 
41063625 
41421736 
41781923 
42144192 
42508549 


TABLE 165.—Continued. 


Squares, CuBEs, SQUARE Roots AND CuBE Roots oF NUMBERS FROM 300 TO 399. 


Sq. Root. 


Cu. Root. 


Square. 


17.3205 
17-3494 
17.3781 
17.4069 
17.4350 
17.4642 
17.4929 
17.5214 
17-5499 
17.5784 


17.6068 
17.6352 
17.6635 
17.6918 
17.7200 
17.7482 
17.7764 
17.8045 
17.8326 
17.8606 


17.8885 
17.9165 
17-9444 
17.9722 
18.0000 
18.0278 
18.0555 
18.0831 
18.1108 
18.1384 


18.1659 
18.1934 
18.2209 
18.2483 
18.2757 
18.3030 
18.3303 
18.3576 
18.3848 
18.4120 


18.4391 
18.1662 
18.4932 
18.5203 
18.5472 
18.5742 
18.6011 
18.6279 
18.6548 
18.6815 


6.6943 
6.7018 
6.7092 
6.7166 
6.7240 
6.7313 
6.7387 
6.7460 


6.7533 
6.7606 


6.7679 
6.7752 
6.7824 
6.7897 
6.7969 
6.8041 
6.8113 
6.8185 
6.8256 
6.8328 


6.8399 
6.8470 
6.8541 
6.8612 
6.8683 
6.8753 
6.8824. 
6.8894 
6.8964 
6.9034. 


6.9104 
6.9174 
6.9244 
6.9313 
6.9382 
6.9451 
6.9521 
6.9589 
6.9658 
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122500 
123201 
123904 
124609 
125316 
126025 
126736 
127449 
128164 
128881 


129600 
130321 
131044 
131769 
132496 
133225 
133956 
134689 
135424 
136161 


136900 
137641 
138384 
139129 
139876 
140625 
141376 
142129 
142884 
143641 


144400 
145161 
145924 
146689 
147456 
148225 
148996 
149769 
150544 
151321 


152100 
152881 
153664 
154449 
155236 
156025 
156816 
157609 
158404. 
159201 


Cube. 


42875000 
43243551 
43614208 
43986977 
44361864. 
44738875 
45118016 
45499293 
45882712 
46268279 


46656000 
47045881 
47437928 
47832147 
48228544 
48627125 
49027896 
49430863 
49836032 
50243409 


50653000 
51064811 
51478848 
51895117 
52313624 
52734375 
53157376 
53582633 
54010152 
54439939 


54872000 
55306341 
55742968 
56181887 
56623 104. 
57066625 
57512456 
57960603 
58411072 
58863869 


59319000 
59776471 
60236288 
60698457 
61162984 
61629875 
62099136 
62570773 
63044792 
63521199 


Sq. Root. 


18.7083 
18.7350 
18.7617 
18.7883 
18.8149 
18.8414 
18.8680 
18.8944 
18.9209 
18.9473 


18.9737 
19.0000 
19.0263 
19.0526 
19.0788 
19.1050 
19.1311 
19.1572 
19.1833 
19.2094. 


19.2354 
19.2614 
19.2873 
19.3132 
19.3391 
19.3649 
19.3907 
19.4165 
19.4422 
19.4679 


19.4936 
19.5192 
19.5448 
19.5704 
19.5959 
19.6214 
19.6469 
19.6723 
19.6977 
19.7231 


19.7484 
19.7737 
19.7990 
19.8242 
19.8494 
19.8746 
19.8997 
19.9249 
19.9499 
19.9750 


Cu. Root. 


7-2473 
7-0540 
7.0607 
7.0674. 
7-0740 
7.0807 
7-0873 
7-0949 
7.1006 
7.1072 


7.1138 
7.1204, 
7.1269 
71335 
7.1400 
7.1466 
7-1531 
7-1596 
7.1661 
7.1726 


7-179 
7-1855 
7.1920 
7-1984 
7.2048 
7.2112 
7:2177 
7.2240 
7:23 04 
7.2368 


7-2432 
7-2495 
7.2558 
7.2622 
7.2685 
7:2748 
7.2811 
7.2874. 
7.2936 
7-2999 


7.3061 
7:3124 
7.3186 
7.3248 
7.3310 
73372 
73434 
7.3496 
7:3558 
7-3619 


TABLE 165.—Continued. 


Squares, Cupes, SquARE Roots and CusEe Roots or NUMBERS FROM 400 TO 499. 


Cube. {Sq. Root. | Cu. Root. é Square. Cube. Sq. Root. 


64000000 | 20.0000 | 7.3681 202500 | 91125000] 21.2132 
64481201 | 20.0250 | 7.3742 203401 | 91733851) 21.2368 
64964808 | 20.0499 | 7.3803 204304 | 92345408] 21.2603 
65450827 | 20.0749 | 7.3864 205209 | 92959677| 21.2838 
20,0998 | 7.3925 206116 | 93576664] 21.3073 
20.1246 | 7.3986 207025 | 94196375] 21.3307 
20.1494 | 7.4047 207936 | 94818816} 21.3542 
20.1742 | 7.4108 208849 | 95443993] 21.3776 
20.1990 | 7.4169 209764 | 96071912] 21.4009 
20.2237 | 7.4229 210681 | 96702579] 21.4243 


20.2485 | 7.4290 211600 | 97336000] 21.4476 
20.2731 | 7.4350 212521 | 97972181] 21.4709 
20.2978 | 7.4410 213444 | 98611128] 21.4942 
79444997 | 20.3224 | 7.4470 214369 | 99252847] 21.5174 
79957944 | 20.3470 | 7.4530 215296 | 99897344] 21.5407 
71473375 | 20.3715 | 7.4590 216225 |100544625] 21.5639 
71991296 | 20.3961 | 7.4650 217156 |101194696| 21.5870 
72511713 | 20.4206 | 7.4710 218089 |101847563| 21.6102 
73034632 | 20.4450 | 7.4770 219024 |102503232| 21.6333 
73560059 | 20.4695 | 7.4829 219961 |103161709] 21.6564 


74088000 | 20.4939 | 7.4889 220900 |103823000] 21.6795 
74618461 | 20.5183 | 7.4948 221841 |10448711I| 21.7025 
75151448 | 20.5426 | 7.5007 222784 |105154048] 21.7256 
75686967 | 20.5670 | 7.5067 223729 |105823817| 21.7486 
76225024.| 20.5913 | 7.5126 224676 |106496424| 21.7715 
76765625 | 20.6155 | 7.5185 225625 |107171875| 21.7945 
77308776 | 20.6398 | 7.5244 6 226576 |107850176) 21.8174 
77854483 | 20.6640 | 7.5302 227529 |108531333] 21.8403 
78402752 | 20.6882 | 7.5361 228484 |109215352| 21.8632 
78953589 | 20.7123 | 7.5420 229441 |109902239] 21.8861 


79507000 | 20.7364 | 7.5478 230400 |110592000] 21.9089 
80062991 | 20.7605 | 7.5537 231361 |111284641| 21.9317 
| 80621568 | 20.7846 | 7.5595 232324 |I11980168} 21.9545 
81182737 | 20.8087 | 7.5654 233289 |112678587] 21.9773 
81746504 | 20.8327 | 7.5712 234256 |113379904| 22.0000 
82312875 | 20.8567 | 7.5770 235225 |114084125] 22.0227 
82881856 | 20.8806 | 7.5828 236196 |114791256| 22.0454 
83453453 | 20.9045 | 7.5886 237169 |115501303] 22.0681 
84027672 | 20.9284 | 7.5944 238144 |116214272| 22.0907 
84604519 | 20.9523 | 7.6001 239121 |116930169] 22.1133 


85184000 | 20.9762 | 7.6059 240100 |117649000] 22.1359 
85766121 | 21.0000 | 7.6117 241081 |118370771] 22.1585 
86350888 | 21.0238 | 7.6174 242064 |119095488] 22.1811 
86938307 | 21.0476 | 7.6232 243049 |119823157| 22.2036 
87528384 | 21.0713 | 7.6289 244036 |120553784| 22.2261 
88121125 | 21.0950 | 7.6346 .245025 |121287375| 22.2486 
88716536] 21.1187 | 7.6403 6 | 246016 |122023936| 22.2711 
89314623 | 21.1424 | 7.6460 247009 |122763473| 22.2935 
89915392 | 21.1660 | 7.6517 248004. |123505992| 22.3159 
90518849 | 21.1896 | 7.6574 249001 |124251499| 22.3383 
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TABLE 165.—Continued. 


Squares, CUBES, SQUARE Roots AND CuBE Roots or NUMBERS FROM 500 TO 599. 


Square. Cube. Sq. Root. | Cu. Root. : Square. Cube. Sq. Root. 


250000 |125000000} 22.3607 | 7.9370 302500 |166375000] 23.4521 
251OOL |125751501| 22.3830 | 7.9423 303601 |167284151| 23.4734 
252004 |126506008}. 22.4054 | 7.9476 304704. |168196608] 23.4947 
253009 |127263527| 22.4277 | 7.9528 305809 |169112377| 23.5160 
254016. |128024064| 22.4499 | 7.9581 306916 |170031464| 23.5372 
255025 |128787625] 22.4722 | 7.9634 308025 |170953875| 23.5584 
256036 |129554216| 22.4944 | 7.9686 309136 |171879616| 23.5797 
257049 |130323843| 22.5167 | 7.9739 310249 |172808693] 23.6008 
258064 |131096512| 22.5389 | 7.9791 311364 |173741112| 23.6220 
259081 |131872229] 22.5610 | 7.9843 312481 ]174676879| 23.6432 


260100 |132651000] 22.5832 | 7.9896 313600 |175616000| 23.6643 
261121 |133432831| 22.6053 | 7.9948 314721 |176558481| 23.6854 
262144 |134217728| 22.6274 | 8.0000 315844 1177504328] 23.7065 
263169 |135005697| 22.6495 | 8.0052 316969 |178453547) 23-7276 
264196 |135796744| 22.6716 | 8.0104 318096 |179406144| 23.7487 
265225 |136590875| 22.6936 | 8.0156 319225 |180362125] 23.7697 
266256 |137388096| 22.7156 | 8.0208 320356 |181321496] 23.7908 
267289 |138188413| 22.7376 | 8.0260 321489 '/182284263| 23.8118 
268324 |138991832| 22.7596 | 8.0311 322624 |183250432) 23.8328 
269361 |139798359| 22.7816 | 8.0363 323761 |184220009| 23.8537 


270400 |140608000] 22.8035 | 8.0415 *| 324900 |185193000| 23.8747 
271441 |141420761| 22.8254 | 8.0466 326041 |186169411| 23.8956 
272484 |142236648| 22.8473 | 8.0517 327184 |187149248| 23.9165 
273529 |143055667| 22.8692 | 8.0569 328329 |188132517] 23.9374 
274576 |143877824| 22.8910 | 8.0620 329476 |189119224| 23.9583 
275625 |144703125| 22.9129 | 8.0671 330625 |190109375| 23.9792 
276676 |145531576| 22.9347 | 8.0723 6 | 331776 |191102976|: 24.0000 
277729 |146363183| 22.9565 | 8.0774 332929 |192100033| 24.0208 
278784 |147197952| 22.9783 8.0825 334084 |193100552| 24.0416 
279841 |148035889] 23.0000 | 8.0876 335241 |194104539| 24.0624 


280900 |148877000] 23.0217 | 8.0927 336400 |195112000| 24.0832 
281961 |149721291| 23.0434 | 8.0978 337561 |196122941| 24.1039 
283024 |150568768] 23.0651 | 8.1028 338724 1197137368] 24.1247 
284089 |151419437| 23.0868 | 8.1079 339889 |198155287| 24.1454 
286156 |152273304| 23.1084 | 8.1130 341056 |199176704| 24.1661 
286225 |153130375| 23.1301 | 8.1180 342225 |200201625] 24.1868 
ae 153990656] 23.1517 | 8.1231 343396 |201230056| 24.2074 
2883 154854153| 23-1733 8.1281 344569 |202262003] 24.2281 
289444 |155720872] 23.1948 | 8.1332 345744 |203297472| 24.2487 
290521 |156590819| 23.2164 | 8.1382 346921 |204336469| 24.2693 


291600 |157464000] 23.2379 | 8.1433 348100 |205379000] 24.2899 
292681 23.2594 | 8.1483 _ 349281 |206425071| 24.3105 
293764 23-2809 | 8.1533 350464 |207474688) 24.3311 
294849 23-3024 | 8.1583 351649 1208527857] 24.3516 
295936 23.3238 | 8.1633 352836 |209584584] 24.3721 
297025 23-3452 | 8.1683 ~ 354025 |210644875| 24.3926 
298116 23.3666 | 8.1733 355216 |211708736| 24.4131 
299209 23.3880 | 8.1783 356409 |212776173] 24.4336 
300304 23-4094 | 8.1833 357004. |213847192| 24.4540 
301401 23.4307 | 8.1882 358801 |214921799] 24.4745 
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TABLE 165.—Continued. 


Squares, CusEes, SQUARE Roots AND CuBE Roots or NUMBERS FROM 600 TO 699. 


No. Square. Cube. Sq. Root. | Cu. Root. 5 Cube. Sq. Root. 


600 | 360000 |216000000] 24.4949 | 8.4343 274625000] 25.4951 
601 | 361201 |217081801; 24.5153 | 8.4390 275894451] 25 5147 
602 | 362404 |218167208] 24.5357 | 8.4437 277167808] 25 5343 
603 | 363609 |219256227] 24.5561 | 8.4484 6 278445077| 25.5539 
604 | 364816 |220348864) 24.5764 | 8.4530 279720264) 25.5734 
60s | 366025 |221445125) 24.5967 | 8.4577 281011375] 25.5930 
606 | 367236 |222545016| 24.6171 | 8.4623 282300416] 25.6125 
607 | 368449 |223648543| 24.6374 | 8.4670 283593393] 25.6320 
608 | 369664 |224755712| 24.6577 | 8.4716 284890312] 25.6515 
609 | 370881 |225866529] 24.6779 | 8.4763 286191179| 25.6710 


610 | 372100 |226981000] 24.6982 | 8.4809 287496000] 25 6905 
611 373321 |228099131| 24.7184 | 8.4856 288804781| 25.7099 
612 374544 |229220928] 24.7386 | 8.4902 290117528] 25.7294 
613 | 375769 |230346397) 24.7588 | 8.4948 291434247) 25.7488 
614 | 376996 |231475544) 24.7790 | 8.4994 292754944| 25.7682 
615 378225 |232608375| 24.7992 | 8.5040 294079625| 25.7876 
616 | 379456 |233744896) 24.8193 8.5086 295408296| 25.8070 
617 | 380689 |234885113| 24.8395 | 8.5132 296740963] 25.8263 
381924 |236029032] 24.8596 | 8.5178 298077632] 25.8457 
383161 |237176659| 24.8797 | 8.5224 299418309] 25.8650 


| 384400 |238328000] 24.8998 | 8.5270 300763000] 25.8844 
385641 |239483061| 24.9199 | 8.5316 302111711] 25.9037 
386884 |240641848| 24.9399 303464448) 25.9230 
388129 |241804367] 24.9600 : 304821217| 25.9422 
389376 |242970624| 24.9800 306182024) 25.9615 
390625 |244140625| 25.0000 307546875] 25.9808 
391876 |245314376] 25.0200 : 308915776] 26.0000 
393129 |246491883] 25.0400 3 310288733] 26.0192 
394384 |247673152| 25.0599 | 8. 311665752| 26.0384. 
395641 |248858189] 25.0799 : 313046839] 26.0576 


396900 |250047000) 25.0998 ° 314432000] 26.0768 
398161 |251239591| 25.1197 ‘ 315821241] 26.0960 
399424 |252435968] 25.1396 ; 317214568] 26.1151 
400689 |253636137| 25.1595 , 318611987] 26.1343 
401956 |254840104| 25.1794. ; 320013504] 26.1534 
403225 |256047875] 25.1992 321419125] 26.1725 
404496 |257259456| 25.2190 : 322828856] 26.1916 
405769 |258474853] 25.2389 324242703] 26.2107 
407044. |259694072| 25 2587 325660672} 26.2298 
408321 |260917119| 25.2784 327082769] 26.2488 


409600 |262144000] 25.2982 328509000} 26.2679 
410881 |263374721| 25.3180 : 329939371| 26.2869 
412164 |264609288] 25.3377 i 331373888] 26.3059 
413449 |265847707| 25.3574 | 8. 332812557| 26.3249 
414736 |267089984] 25.3772 | 8. 334255384] 26.3439 
416025 |268336125| 25 3969 : 335702375] 26 3629 
417316 |269586136| 25.4165 : ; 337153536) 26.3818 
418609 |270840023| 25 4362 338608873] 26 4008 
419904 |272097792| 25.4558 340068392} 26.4197 
421201 |273359449| 25.4755 | 8. 34.1532099| 26.4386 
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Square. 


490000 
491401 
492804 
494209 
495616 
497025 
498436 
499849 
501264 
502681 


504100 
505521 
506944 
508369 
509796 
511225 
512656 
514089 
515524 
516G61 


518400 
519841 
521284 
522729 
524176 
525625 
527076 
528529 
529984 
531441 


532900 
534361 
535824 
537289 
538756 
540225 
541696 
543169 
544644 
5460121 


547600 
549081 
550564 
552049 
553536 
555025 
556516 
558009 
559504 
561001 


Cube. 


343000000 
344472101 
345948408 
347428927 
348913664 
350402625 
351895816 
353393243 


354894912 
356400829 


357911000 
359425431 


360944128 
362467097 
363994344 
365525875 
367061696 
368601813 
370146232 
371694959 


373248000 
374805 361 
376367048 
377933067 
379503424 
381078125 
382657176 
384240583 
385828352 
387420489 


389017000 
390617891 
392223168 
393832837 
395446904 
397065375 
398688256 
400315553 
401947272 
403583419 


405224000 
406869021 
408518488 
410172407 
411830784 
413493625 
415160936 
416832723 
418508992 
420189749 


TABLE 165.—Continued. 


Squares, CuBES, SQUARE Roots AND CuBE Roots of NUMBERS FROM 700 TO 799. 


Sq. Root. 


26.4575 
26.4764. 
26.4953 
26.5141 
26.5330 
26.5518 
26.5707 
26.5895 
26.6083 
26.6271 


26.6458 
26.6646 
26.6833 
26.7021 
26.7208 
26.7395 
26.7582 
26.7769 
26.7955 
26.8142 


26.8328 
26.8514 
26.8701 
26.8887 
26.9072 
26.9258 
26.94.44 
26.9629 
26.9815 
27.0000 


27.0185 
27.0370 
27.0555 
27.0740 
27.0924. 
27.1109 
27.1293 
27-1477 
27.1662 
27.1846 


27.2029 
27.2213 
27 2397 
27.2580 
27.2764. 
27.2947 
27.3130 
27-3313 
27.3490 
27.3679 


Cu. Root. No. 
8.8790 750 
8.8833 751 
8.8875 752 
8.8917 753 
8.8959 754 
8.g001 755 
8.9043 | 756 
8.9085 757 
8.9127 758 
8.9169 | 759 
8.9211 760 
8.9253 761 
8.9295 762 
8.9337 | 763 
8.9373 | 764 
8.9420 765 
8.9462 766 
8.9503 | 767 
8.9545 | 768 
8.9587 | 769 
8.9628 770 
8.9670 771 
8.9711 V2 
8.9752 773 
8.9794 774 
8.9835 775 
8.9876 776 
8.9918 | 777 
8.9959 778 
9.0000 779 
9.0041 780 
9.0082 781 
9 0123 782 
9.0164. 783 
9.0205 784 
9.0246 785 
9.0287 786 
9.0328 787 
9.0369 788 
9.0410 789 
90450 799 
9-0491 791 
9.0532 792 
9-0572 793 
9.0613 | 794 
9.0654 | 795 
9.0694 | 796 
9.0735 797 
9.0775 | 798 
9.0816 799 
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Square. 


562500 
564001 
565504. 
567009 
568516 
570025 
571536 
573049 
574504 
576081 


577600 
579121 
580644 
582169 
583696 
585225 
586756 
588289 
589824 
591361 


592900 
594441 
595984. 
597529 
599076 
600625 
602176 
603729 
605284 
606841 


608400 
609961 
611524 
613089 
614656 
616225 
617796 
619369 
620944 
622521 


624100 
625681 
627264 
628849 
630436 
632025 
633616 
635209 
636804 
638401 


Cube. Sq. Root. | Cu. Root. 
421875000] 27.3861 | 9.0856 
423564751) 27.4044 | 9.0896 
425259008] 27.4226 | 9.0937 
426957777| 27.4408 | 9.0977 
428661064] 27.4591 | 9.1017 
430368875) 27.4773 | 9.1057 
432081216] 27.4955 | 9.1098 
433798093] 27.5136 | 9.1138 
435519512) 27.5318 | 9.1178 
437245479| 27.5500 | 9.1218 
438976000] 27.5681 | 9.1258 
440711081] 27.5862 | 9.1298 
442450728| 27.6043 | 9.1338 
444194947| 27.6225 | 9.1378 
445943744] 27.6405 | 9.1418 
447697125] 27.6586 | 9.1458 
449455096) 27.6767 | 9.1498 
451217663] 27.6948 | 9.1537 
452984832) 27.7128 | 9.1577 
454750609) 27.7308 | 9.1617 
456533000] 27.7489 | 9.1657 
458314011| 27.7669 | 9.1696 
460099648) 27.7849 | 9.1736 
461889917] 27.8029 | 9.1775 
463684824] 27.8209 | 9.1815 
465484375] 27.8388 | 9.1855 
467288576] 27.8568 | 9.1894 
469097433) 27.8747 | 9.1933 
470910952] 27.8927 | 9.1973 
472729139| 27.9106 | 9.2012 
474552000] 27.9285 9.2052 
476379541) 27.9464 | 9.2091 
478211768] 27.9643 | 9.2130 
480048687] 27.9821 | 9.2170 
481890304] 28.0000 | 9.2209 
483736625] 28.0179 | 9.2248 
485587656] 28.0357 | 9.2287 
487443403] 28.0535 | 9.2326 
489303872! 28.0713 | 9 2365 
491169069] 28.0891 | 9.2404 
493039000] 28.1069 | 9.2443 
494913671| 281247 | 9.2482 
496793088] 28.1425 | 9.2521 
498677257| 28.1603 | 9.2560 
500566184] 28.1780 | 9.2599 
502459875] 28.1957 | 9.2638 
504358336] 28.2135 | 9.2677 
506261573| 28.2312 | 9.2716 
508169592] 28.2489 | 9.2754 
510082399] 28.2666 | 9.2793 


TABLE 165.—Continued. 


Souares, CuBes, SQUARE Roors AND CuBE Roots or NUMBERS FROM 800 TO 899. 


~ Square. Cube. Sq. Root. | Cu. Root. é Square. Cube. Sq. Root. 


640000 |512000000} 28.2843 9.2832 722500 |614125000| 29.1548 
641601 |513922401| 28.3019 | 9.2870 724201 |616295051| 29.1719 
643204 |515849608| 28.3196 | 9.2909 725904 1618470208] 29.1890 
644809 |517781627| 28.3373 | 9.2948 727609 |620650477| 29.2062 
646416 |519718464] 28.3549 | 9.2986 729316 |622835864; 29.2233 
648025 |521660125| 28.3725 | 9.3025 731025 1625026375) 29.2404 
649636 |523606616| 28.3901 | 9.3063 732736 |627222016| 29.2575 
651249 |525557943| 28.4077 | 9.3102 734449 |629422793| 29.2746 
652864 |527514112| 28.4253 | 9.3140 736164 |631628712| 29.2916 
654481 |529475129| 28.4429 | 9.3179 737881 |633839779| 29.3087 


656100 |531441000| 28.4605 | 9.3217 739600 |636056000] 29.3258 
657721 |533411731| 28.4781 | 9.3255 741321 |638277381) 29.3428 
659344 |535387328| 28.4956 | 9.3294 743044 |640503928) 29.3598 
660969 |537367797| 28.5132 | 9-3332 744769 |642735647| 29.3769 
662596 -/539353144| 28.5307 | 9.3370 746496 |644972544| 29.3939 
664225 |541343375| 28.5482 | 9.3408 748225 647214625] 29.4109 
665856 |543338496| 28 5657 | .9. 749956 649461896) 29.4279 
667489 |545338513| 28.5832 | 9. 751689 651714363) 29.4449 
669124 |547343432| 28.6007 . 753424 |653972032| 29.4618 
670761 |549353259| 28.6182 ; 755161 |656234909] 29.4788 


672400 |551368000| 28.6356 ; 756900 |658503000] 29.4958 . 
674041 |553387661| 28.6531 : 758641 |660776311| 29.5127 
675684 1555412248] 28.6705 : 760384 1663054848] 29.5296 
677329 |557441767| 28.6880 : 762129 |665338617| 29.5466 


678976 |559476224| 28.7054 | 9. 763876 667627624) 29.5635 
680625 |561515625| 28 7228 ; 765625 1669921875] 29.5804 
682276 |563559976| 28.7402 4 767376 |672221376| 29.5973 
683929 |565609283| 28.7576 i 769129. |674526133| 29.6142 
685584 |567663552| 28.7750 “ 770884 |676836152| 29.6311 
687241 |569722789| 28.7924 | 9. 772641 679151439] 29.6479 


688900 |571787000| 28.8097 : 774400 |681472000| 29.6648 
690561 |573856191| 28.8271 re 776161 |683797841| 29.6816 
692224 1575930368] 28.8444 5 777924 |686128968| 29.6985 
693889 |578009537| 28.8617 : 779689 |688465387| 29.7153 
695556 |580093704| 28.8791 ; 781456 |690807104| 29.7321 
697225 |582182875| 28.8964 F 783225 |693154125] 29.7489 
698896 |584277056| 28.9137 : 784996 (695506456| 29.7658 
700569 |§86376253| 28.9310 E 786769 \697864103| 29 7825 
702244 |538480472| 28.9482 F 788544 |700227072| 29.7993 
703921 |590589719| 28.9655 ; 790321 |702595369] 29.8161 


705600 |592704000| 28.9828 5 792100 |704969000] 29.8329 
707281 |594823321, 29.0000 ; 793881 1707347971] 29.8496 
708964 |596947688| 29.0172 : 795664 |709732288| 29.8664 
710649 [599077107] 29.0345 4466 797449 |712121957| 29.8831 
712336 |601211584| 29.0517 : 799236 |714516984| 29.8998 
714025 |603351125] 29.0689 H 801025 |716917375| 29.9166 
715716 |605495736| 29.0861 : 802816 1719323136] 29.9333 
717409 |607645423| 29.1033 . 804609 |721734273] 29.9500 
719104 |609800192| 29.1204 , 806404. |724150792| 29.9666 
720801 |611960049| 29.1376 4.69 808201 |726572699| 29.9833 
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Square. 


810000 
811801 
813604 
815409 
817216 
819025 
820836 
822649 
824464 
826281 


828100 
829921 
831744 
833569 
835396 
837225 
839056 
840889 
842724 
844561 


846400 
848241 
850084 
851929 
853776 
855625 
857476 
859329 
861184 
863041 


864900 
866761 
868624 
870489 
872356 
874225 
876096 
877969 
879844 
881721 


883600 
885481 
887364 
889249 
891136 
893025 
894916 
896809 
898704 
goo6or 


Cube. 


729000000 
731432701 
733870808 
739314327 
738763264. 
741217625 
743677416 
740142643 
748613312 
751089429 


753571000 
756058031 
758550528 
761048497 
763551944 
766060875 
768575296 
771095213 
773620632 
776151559 


778688000 
781229961 
783777448 
786330467 
788889024 
791453125 
794022776 
796597983 
799178752 
801765089 


8043577000 
806954491 
809557568 
812166237 
814780504. 
817400375 
820025856 


822656953 
825293672 
827936019 


830584000 
833237621 
835896888 
838561807 
841232384 
843908625 


846590536 
849278123 
851971392 
854670349 


TABLE -165.—Continued. 


Squares, CuBes, Square Roots anp CusBe Roots or NUMBERS FROM 900 TO 999. 


Sq. Root. 


30.0000 
30.0167 
30.0333 
30.0500 
30.0666 
30.0832 
30.0998 
30.1164 
30.1330 
30.1496 


30.1662 
30.1828 
30.1993 
30.2159 
30.2324. 
30-2490 
30.2655 
30.2820 
30.2985 
30.3150 


30.3315 
30.3480 
30.3645 
30.3809 
30.3974 
30.4138 
30.4302 
30.4467 
30.4631 
30-4795 


30.4959 
30.5123 
30.5287 
30.5450 
30.5614 
30.5778 
30-5941 
30.6105 
30.6268 


30.6431 


30.6594 
30.6757 
30.6920 
30.7083 
30.7246 
39-7409 
30-7571 
39.7734 
30.7896 
30.8058 
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Square. 


902500 
904401 
906304. 
908209 
giori6 
912025 
913936 
915849 
917764. 
919681 


921600 
923521 
925444 
927369 
929296 
931225 
933156 
935089 
937024 
938961 


940900 
942841 
944784 
946729 
948676 
950625 
952576 
954529 
950484. 
958441 


960400 
962361 
964324. 
966289 
968256 
970225 
972196 
974169 
976144. 
978121 


980100 
982081 
984064 
986049 
988036 
990025 
992016 
994009 
996004. 
998001 


Cube. 


Sq. Root. 


Cu. Root. 


857375000 
860085351 


862801408 
865523177 
868250664 
870983875 
873722816 
876467493 
879217912 
881974079 


884736000 
887503681 
890277128 
893056347 
895841344 
898632125 
901428696 
90423 1063 
907039232 
909853209 


912673000 
915498611 
918330048 
921167317 
924010424 
926859375 
929714176 
932574833 
935441352 
938313739 


941192000 
944076141 
946966168 
949862087 
952763904 
955671625 
958585256 
961504803 
964430272 
967361669 


970299000 
973242271 
976191488 
979146657 
982107784 
985074875 
988047936 
991026973 
99401 1992 
997002999 


30.8221 
30.8383 
30.8545 
30.8707 
30.8869 
30.9031 
30.9192 
30-9354 
30.9516 
30.9677 


30.9839 
31.0000 
31.0161 
31.0322 
31.0483 
31.0644 
31.0805 
31.0966 
31.1127 
31.1288 


31.1448 
31.1609 
31.1769 
31.1929 
31.2090 
31.2250 
31.2410 
31.2570 
31.2730 
31.2890 


31.3050 
31.3209 
31.3369 
31.3528 
31.3688 
31.3847 
31.4006 
31.4166 
31.4325 
31.4484 


31.4643 
31.4802 
31.4960 
31.5119 
31.5278 
31.5436 
31.5595 
31.5753 
31.5911 
31.6070 


9.8305 
9.8339 
9.8374 
9.8408 
9.8443 
9.8477 
9.8511 
9.8546 
9.8580 
9.8614 


9.8648 
9.8683 
9.8717 
9.8751 
9.8785 
9.8819 
9.8854 
9.8888 
9.8922 
9.8956 


9.8990 
9.9024 
9.9058 
9.9092 
9.9126 
9.9160 
9-9194 
9.9227 
9.9261 
9-9295 


9.9329 
9.9363 
9.9396 
9.9430 
9.9464 
9.9497 
9.9531 
9.9565 
9.9598 
9.9632 


9.9666 
9.9699 
9-9733 
9.9766 
9.9800 
9.9833 
9.9866 
9.9900 
9.9933 
9.9967 
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EXTRACT FROM PREFACE 


The increase in live loads due to the extensive use of heavy motor trucks, tractors 
and traction engines, and the increased use of reinforced concrete in building highway 
bridges have made it necessary to rewrite this book. The scope of the book has been 
extended so that the book now covers the design of concrete and timber highway bridges 
as well as steel highway bridges. The design of both the superstructure and sub- 
structure of highway bridges is discussed in detail. The discussion covers all the details 
of constructing highway bridges, including the calculation of the stresses, the design, the 
estimate, the contract, and the erection and construction. 

The same size of type page and size of type as are used in the author’s “Structural 
Engineers’ Handbook” are used in this book. 
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It is a pleasure to record the publication of another book by Professor Ketchum, 
His books are always examples of what technical treatises should be, and this volume 
is no exception to therule. This volume isa self-contained, concise and valuable text- 
book for the student or structural engineer who wishes to become familiar with the 
design of mine structures.—Canadian Engineer, July 4, 1912. 

This is a new book in a field never previously covered ina satisfactory manner, 
The various subjects described and illustrated are based on good practical working 
plants and make them particularly valuable for reference. Theauthor is to be highly 
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—Journal of Western Society of Engineers. 

The scope of the book is large, and the various subjects included are treated not ina 
descriptive but in a critical manner. The book is well arranged and is written in a clear 
concise manner, which should make its study easy and pleasant.— Engineering News. 
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